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Spinning 


CHAPTER    IX 
Threads,  Twines,  and  Ropes 

Threads,  Twines,  and  Ropes. — The  spinner  is  generally  spoken 
of  as  the  maker  of  weft  and  warp  yarns  for  the  weaver  of  cloths,  and 
that  is  his  main  work;  but  he  is  also  a  producer  of  saleable  com- 
modities, things  which  go  directly  into  the  warehouse  and  pass  through 
the  shop  into  the  hands  of  the  public.  He  makes  many  kinds  of 
threads,  cords,  lines,  twines,  and  ropes,  and  that  without  in  the  least 
stepping  beyond  his  proper  province,  or  using  any  machines  save 
his  own. 

Perhaps  to  many  this  assertion  may  appear  too  sweeping,  and 
though  justifiable  by  particular  instances,  it  may  be  admitted  to  be 
slightly  exaggerated  in  the  inclusion  of  ropes.  Rope-spinning  ma- 
chines are  not  often  to  be  found  in  the  spinning  factory,  and  the 
rope  factory  is  generally  a  business  by  itself.  But  our  point  is  clear. 
A  fine  sewing  thread  is  nothing  less  than  a  rope,  built  up  on  the 
same  principles  as  the  largest  cable  of  the  greatest  ship  that  floats. 
Because  his  product  is  of  immense  size,  the  cable  spinner  must  em- 
ploy a  spinning  machine  large  enough  to  occupy  a  whole  staff  of 
workers  and  a  department  of  a  factory;  but  the  machine  is  only  a 
huge  example  of  the  common  doubler,  hundreds  of  which  may  be  held 
in  a  single  frame.  Perception  of  this  fact  has  been  at  the  root  of 
the  recent  rapid  development  in  rope  spinning  by  machinery.  As  in 
all  human  affairs,  isolation  in  industry  means  stagnation  and  decline; 
co-operation  stimulates  development  and  makes  for  life.     So  long  as 
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he  thought  himself  alone  in  the  industrial  world,  the  rope  manufac- 
turer kept  to  his  old  methods  and  rude  machines;  realizing  that  he 
also  was  a  spinner  and  learning  from  others  of  the  craft,  he  has  been 
led  into  inventing  machinery  of  great  productive  powers  and  econo- 
mically valuable. 

Range  of  Machines. — Being  specialists,  the  doublers  who  make 
threads  and  cords,  and  those  who  spin  twines  and  ropes,  have  called 
into  existence  a  larger  range  of  machines  than  ever  the  yarn  doubler 
could  have  imagined.  Reeling,  winding,  doubling-winding,  twining, 
twisting,  stranding,  cabling,  spooling,  balling,  gassing,  polishing, 
dressing,  and  many  other  machines  are  to  be  found  in  this  depart- 
ment of  the  textile  industry  which  can  be  of  service  nowhere  else. 
The  principles  of  spinning  remain  the  same,  but  the  applications  are 
immensely  varied. 

The  Root  Principles  of  Cord  and  Rope  Manufacture. — Spinning 
is  based,  as  we  have  seen,  on  the  fact  that  fibres  twisted  together 
will  form  a  continuous  thread.  The  combination  of  many  threads, 
however,  brings  forward  a  fact  not  quite  obvious  in  spinning  itself. 
Silk,  cotton,  and  wool  have  a  twisting  tendency  of  their  own  which 
seems  to  fit  them  specially  for  spinning,  and  hides  from  the  spinner 
the  inherent  tendency  of  all  spun  fibres  to  untwist.  The  inclination 
comes  out  more  clearly  in  flax,  hemp,  and  ramie ;  none  of  those  fibres 
would  keep  in  twist  if  the  compulsion  were  not  too  strong  for  them. 
With  characteristic  ingenuity  the  spinner  has  enlisted  this  very  ten- 
dency in  his  service.  Take  a  cable  as  a  conspicuous  example.  The 
cable  which  it  is  proposed  to  make  contains  270  threads  of  hemp 
yarn,  spun  from  the  best  manila  fibre  by  a  left-to-right  or  "right- 
handed  "  twist.  Dividing  the  yarns  into  nine  sections  of  30  each, 
we  twist  them  into  a  set  of  strands  by  a  right  -  to  -  left  or  'Meft- 
handed "  twist,  thus  enlisting  the  tendency  of  the  fibres  to  untwist 
themselves  from  the  yarns  in  confirming  the  twist  of  the  strands. 
As  the  original  spinning  was  left  to  right,  the  opposing  force  of  the 
fibres  must  be  right  to  left,  and  as  that  has  been  the  direction  of 
the  strand  twist,  the  whole  resisting  energy  of  the  fibres  is  in  its 
favour.  Now,  we  require  to  reduce  the  number  of  strands  to  three, 
and  we  therefore  combine  three  threes  by  a  left-to-right  twist.  The 
30  yarns  in  each  strand,  though  individually  composed  of  fibres 
pulling  from  right  to  left,  resist  as  units  that  twist,  because  it  is 
opposed  to  that  by  which  they  have  been  constituted;  therefore  the 
yarns  pull  from  left  to  right  with  all   their  force,   and   in   so   doing 
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confirm  the  twist  which  has  combined  them.  To  make  the  cable, 
the  great  strands  are  combined  and  twisted  from  right  to  left,  the 
last  twist  utilizing  the  whole  force  of  every  fibre  within  the  cable. 
To  many  it  may  have  seemed  strange  that,  in  attempting  to  untwist 
a  piece  of  rope,  the  task  was  so  difficult.  Superficially  it  would 
seem  that  a  rope  would  be  easily  untwisted;  but  the  fact  is,  you  have 
against  you  the  efforts  of  every  successive  part  of  the  rope  to  set 
itself  free.  Sometimes  a  rope  is  spoken  of  as  having  no  life  in  it 
by  men  who  habitually  use  them,  and  the  words  correctly  describe 
the  fact.  So  long  as  the  rope  has  living  force  in  it  to  resist  the 
twist  which  has  been  put  upon  its  fibres,  so  long  it  is  strong.  When 
the  resisting  power  dies  out,  the  rope  also  is  dead,  and  will  soon  break 
into  pieces. 

These  facts  may  not  appear  to  be  of  much  interest  to  the  student 
of  textiles  in  general,  but  the  principle  acts  right  through  the  whole  of 
spinning.  A  single  thread  of  cotton  or  wool  does  not  discover  the 
resisting  force  of  the  fibres;  but  the  combination  of  two  or  more 
yarns  quickly  brings  it  out.  Another  reason  for  calling  attention 
to  the  matter  is  the  eff'ect  of  the  twisting  and  untwisting  of  fibres 
upon  the  strength  of  yarns.  A  doubled  thread  is  more  than  double 
the  strength  of  a  single  spun  thread  if  the  doubling  puts  no  tax  upon 
the  fibres.  This  arises  from  the  fact  that  twist  constitutes  the  strength 
of  spun  threads,  not  the  tensile  breaking  power  of  the  fibres.  A 
doubled  twist,  therefore,  adds  greatly  to  the  strength  of  the  yarns; 
but  if  the  twist  imposes  resistance  on  the  fibres,  a  certain  amount  of 
their  strength  is  thus  consumed.  Combination  of  many  threads  or 
yarns  inevitably  imposes  such  a  tax.  After  the  fibres  begin  to  show 
stress,  the  ratio  of  strength  brought  by  added  yarns  is  reversed;  a 
nine-strand  cable  is  not  nine  times  as  strong  as  each  single  strand, 
but  rather  less.  Anyone  may  make  a  simple  experiment  to  illustrate 
the  theory.  A  single  thread  of  cotton  yields  to  stress  in  the  twist, 
none  of  the  fibres  breaking  if  the  stress  has  been  properly  applied; 
but  a  six-cord  cotton  thread  breaks  in  the  fibres.  Comparing  the 
breaking  strength  of  a  single  yarn  with  that  of  the  six-cord  thread, 
we  find  it  to  be  a  little  more  than  a  sixth. 

Doubling  for  Sewing-machine  Threads. — There  are  two  methods  of 
doubling  for  sewing  threads,  the  one  being  simple  doubling  of  three, 
four,  or  more  yarns  at  once,  and  mostly  applied  for  making  sewing- 
machine  threads,  and  the  other — applied  for  the  making  of  strong, 
hand-sewing  threads — the  doubling  of  single  yarns  into  strands  and 
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the  cabling  combination  of  those  strands  in  a  single  thread.  As  may- 
be inferred,  the  former  is  the  cheaper  method;  but  it  does  not  neces- 
sarily follow  that  the  machine  thread  is  the  weaker.  Comparing 
equal  numbers  of  cords,  equal  in  quality,  we  think  it  likely  that  the 
machine  thread  would  prove  the  stronger.  But  the  cabling  of  the 
sewing  thread  consumed  in  domestic  labour  is  to  keep  in  the  twist 
under  constant  handling;  the  machine  thread  frays  out  more  readily, 
but,  as  it  is  not  much  handled,  this  matters  little. 

The  frame  most  favoured  by  sewing-machine  thread  manufacturers 
is  the  ring  traveller,  with  or  without  the  wet-doubling  troughs,  accord- 
ing to  the  class  of  yarns  being  doubled.  On  this  frame  the  bobbins 
are  hung  horizontally  in  the  creel,  giving  a  direct  and  easy  delivery. 
Combined  in  the  twiner,  the  yarns  are  delivered  solid  to  the  ring 
traveller  and  bobbin.  Driven  at  9000  revolutions  per  minute,  the 
spindle,  with  the  bobbin  firmly  fixed  upon  it,  twists  the  yarns  swiftly 
and  with  great  force.  The  operation  is  simple  and  direct,  involving 
little  more  than  careful  observation  on  the  part  of  the  operator.  When 
a  single  thread  fails  the  spindle  stops  at  once,  through  the  action  of 
the  trappers  described  in  doubling. 

Doubling  for  Hand-sewing  Threads. — Various  methods  and  ma- 
chines are  adopted  for  producing  the  six-cord  cabled  threads.  The 
best  system  is  doubling  the  two-fold  yarns  on  the  mule  twiner  and 
cabling  on  the  throstle  doubling  frame.  When  the  manufacturer  is 
making  this  high  class  of  thread  he  generally  buys  two-fold  mule- 
spun  yarns  from  the  spinner.  Or,  as  more  commonly  happens,  the 
thread  syndicate  instructs  the  spinners  of  one  of  its  many  mills  to 
supply  that  kind  of  yarn  to  the  cabling  department  or  thread  mill. 

A  very  good  frame  for  small  thread  manufacturers  is  known  as 
the  doubling-cabling  frame.  It  is  two-sided,  one  side  being  employed 
in  doubling  and  the  other  in  cabling.  On  spindles  with  inverted 
flyers  the  two  bobbins  are  fixed,  the  yarns  passing  up  into  the  grip 
of  a  pair  of  twining  rollers,  the  action  of  the  spindles  causing  the 
threads  to  twist  and  the  flyers  unwinding  from  the  bobbins.  Other 
two  pairs  of  spindles  send  along  their  doubled  yarns  at  the  same 
time,  and  the  three  pairs  are  all  united  in  the  collecting  tube  on  the 
head  of  the  frame.  Passed  round  another  pair  of  rollers,  the  yarns 
to  be  cabled  are  taken  into  the  head  of  a  flyer,  round  one  of  its  legs, 
and  on  to  the  bobbin.  The  flight  of  spindle  and  flyer  imparts  the 
necessary  cabling  twist  and  winds  the  thread  on  to  the  bobbin. 

In  their  search  for  economy  manufacturers  have  turned  the  spin- 
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ning  and  twisting  appliances  in  many  ways.  It  is  a  singular  fact, 
and  one  worth  noting,  that  the  doublers  who  steadily  stick  by  the 
common  ways  hold  their  own  very  well.  Many  prosperous  doublers 
whom  the  syndicates  have  failed  to  crush  continue  to  double  on 
the  one  throstle  and  cable  on  the  other.  When  this  method  is 
employed  the  doubling  is  dry  and  the  cabling  wet,  on  the  Scottish 
system. 

Doubling  Linen  Threads. — Once  the  staple  thread  of  the  tailor 
and  the  dressmaker,  linen  thread  has  fallen  into  disuse  compared 
with  cotton ;  but  social  and  industrial  developments  have  opened  up 
fresh  avenues  of  usefulness  for  the  flax  yarns  which  seem  to  more 
than  compensate  for  the  temporary  loss.  Even  in  the  sewing-thread 
department  linen  is  regaining  some  lost  ground;  but  during  the 
depression  caused  by  the  overwhelming  rush  of  triumphant  cotton, 
linen-thread  manufacturers  sought  and  found  new  ways  of  extend- 
ing their  trade,  especially  in  the  direction  of  making  fancy  yarns 
for  ornamental  needlework  and  embroideries.  Another  cause  has 
helped  to  revive  the  flax-doubling  industry.  The  introduction  of 
machinery  into  bootmaking,  harness  making,  and  leather  manufac- 
ture generally,  has  called  for  large  supplies  of  ready-made  twists. 
For  these  varied  needs  the  linen-thread  doublers  have  improved  and 
developed  their  methods  and  machinery. 

Excepting  that  it  is  larger,  the  linen-doubling  frame  differs  in  no 
way  from  the  wet-doubling  frame  of  the  cotton  manufacturer.  In 
making  heavy  twists,  however,  the  coned  pulleys  of  the  upward 
twister  are  added  to  the  frames.  Being  a  very  heavy  fibre,  linen  does 
not  twist  easily,  and  tends  to  curl  or  snarl.  Twisted  while  on  the 
smaller  cone  pulley,  and  drawn  tightly  round  the  larger  one  in  its 
wet  state,  the  linen  thread  is  thoroughly  straightened  and  confirmed. 
Wound  on  to  bobbins,  the  wet  yarns  must  be  quickly  reeled  into 
hanks  for  drying  and  other  purposes.  If  the  threads  are  to  be  sold 
in  the  natural  colour,  they  are  immediately  run  through  the  dressing 
and  polishing  machines  to  be  described  later;  but  if  intended  for  either 
white  or  black  threads,  the  hanks  are  dried  in  the  stove  and  then  sent 
on  to  the  bleacher  or  dyer. 

Besides  sewing  threads  the  linen  doublers  make  warp  yarns  for 
carpet  manufacturers  and  other  weavers  of  strong  fabrics.  Though 
discarded  by  the  cotton  manufacturers  after  they  learned  how  to  spin 
cotton  for  warp,  the  warp  yarns  supplied  by  the  flax  doublers  still 
amount  to  vast  proportions.     Doubling  for  warps  is  best  accomplished 
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on  the  ring  frame,  though  the  simpler  throstle  is  found  very  useful  for 
the  same  purpose. 

Twisting  Flax  on  the  Tube  Frame. — The  latest  growth  in  the 
flax  industry  has  been  the  supplying  of  machine  threads  to  boot 
manufacturers,  makers  of  all  kinds  of  leather  goods,  and  makers  of 
fancy  cords  for  domestic  embroideries.  A  favourite  machine  among 
those  who  specialize  in  these  lines  is  an  adaptation  of  the  cap  frame. 
On  the  spindle  above  the  flyer  the  tube  works  on  a  pinion  base,  and 
spins  while  delivering  the  thread  to  the  flyer  below.  The  bobbins 
stand  on  pegs  coming  up  from  the  floor,  and  wind  on  in  the  common 
drag  style. 

Twines  of  Flax  and  Hemp. — All  kinds  and  classes  of  twines  are 
made  of  cotton,  flax,  and  hemp;  but  the  fibre  material  affects  little 
the  method  of  making  the  commodity.  Another  example  of  the 
additions  which  mechanical  invention  has  brought  to  the  spinning 
and  doubling  trade  is  the  large  amount  of  binder  twine  consumed 
by  the  mechanical  reapers  and  binders  used  in  agriculture.  Binder 
twine,  however,  calls  for  no  skill  in  its  manufacture.  In  fact,  an 
additional  turn  or  two  of  twist  on  the  hemp  yarns  being  prepared 
for  ropes  has  often  been  accepted  as  sufficient. 

Mercantile  twines,  however,  are  quite  different;  we  require  to  pay 
some  special  attention  to  their  fabrication.  First,  the  yarns  are  doubled, 
threefold  or  fourfold,  according  to  the  class  and  weight  of  twine.  It 
is  a  common  complaint  that  cotton  twines  kink  and  snarl  very  readily. 
The  reason  for  that  is  that  the  cotton  doublers  who  add  twines  to  their 
other  lines  prepare  the  strands  in  the  same  way  as  they  prepare  yarns 
and  threads,  with  only  a  little  firmer  twist.  If  a  twine  is  to  be  good, 
it  must  be  made  in  the  proper  way,  and  that  is  on  the  frame  described 
as  the  upward  twister,  or  one  with  appliances  similar.  The  device 
which  saves  hard  fibres  or  hard  twisted  yarns  from  falling  into  snarls 
is  the  unequal  stretching  cones  described  above.  At  least  a  pair 
of  twisting  rollers  between  the  twisting  spindle  and  the  winding-on 
bobbins  should  be  used.  Any  form  of  twisting  frame  will  otherwise 
serve.  You  may  employ  the  tube,  the  throstle,  the  ring,  or  any  modifi- 
cation of  these ;  but  it  is  necessary  to  take  precautions  against  the 
natural  tendency  of  the  threads  to  curl  up  under  the  severe  pressure 
of  twist. 

Laying  or  Cabling  Twines. — There  are  many  cabling  machines  on 
the  market.  The  operation  is  so  simple  that  it  has  tempted  many 
inventors   to  contrive    many  forms   of  frame.     The    main    aim    of  in- 


TWINE-LAYING   MACHINE 
(Combe,  Barbour,  &  Combe,  Ltd. ,  Belfast) 


THREADS,  TWINES,  AND  ROPES  7 

ventors  has  been  to  get  rid  of  all  unnecessary  appliances  for  the 
simple  business  of  cabling.  A  typical  example  is  what  is  called  by 
its  makers  the  "Patent  Laying  Machine".  The  frame  is  high  and 
vertical.  Across  the  head  is  a  strong  plate  from  which  the  bobbin 
holders  depend.  Slung  horizontally  in  the  holders,  the  bobbins  are 
grouped  in  twos  or  threes  above  the  twisting  tube  in  the  centre  of 
the  frame.  Directly  under  each  twisting  tube  large  flyers  extend  over 
the  spindles  on  which  the  bobbins  to  receive  the  twines  are  set. 
Unwound  from  the  pendent  bobbins,  the  yarns  or  strands  are  twisted 
and  wound  on  to  the  bobbins.  Every  part  of  the  whole  machine  acts 
directly;  in  consequence  there  is  waste  of  neither  time  nor  power. 

Bleaching  Cotton  Threads. — The  bleaching  process  is  fully  de- 
scribed in  the  section  devoted  to  finishing  processes;  but  here  we 
give  a  brief  outline  of  the  operation,  with  a  formula  for  the  process. 
The  hanks  are  strung  together  in  the  form  of  an  endless  chain  to 
pass  through  the  machines.  First,  there  is  the  boiling  kier,  a  vertical 
boiler,  in  which  the  hot  liquor  circulates  by  means  of  a  pipe  in  the 
centre,  passing  always  down  through  a  false  bottom  in  the  boiler 
to  return  through  the  pipe  and  be  distributed  from  the  nozzle  on  the 
top.  The  grease  and  dirt  fall  through  the  false  bottom,  whilst  the 
liquor  is  driven  up  again  and  again.  Next  we  have  the  washing 
machine.  There  are  various  forms  of  this,  but  the  most  common  is 
a  large  tank  with  rollers  revolving  above  and  below  the  water,  the 
rollers  directing  the  chains  of  hanks  always  in  one  direction.  The  tank 
has  an  inflow  of  clean  and  outflow  of  dirty  water,  and  the  chain  starts 
to  travel  at  the  outflow,  and  moves  up  towards  the  inflow,  thus  being 
brought  more  and  more  into  the  clean  water  as  the  yarns  become 
cleaner.  The  chemicking  or  souring  tanks  now  receive  the  yarns 
or  threads.  This  is  a  double  cistern  with  a  pump  which  draws  the 
chemicking  liquor  from  the  lower  cistern  and  pours  it  into  the  upper 
cistern.  In  the  upper  cistern,  which  has  a  perforated  bottom,  the 
threads  are  laid  in  regular  layers,  fold  upon  fold,  filling  up  the  whole 
interior.  By  constant  circulation  of  the  chemicking  liquor  the  mate- 
rial is  bleached.  Another  machine  of  similar  structure  gives  the 
threads  a  dose  of  purifying  sulphuric  acid.  Dumping  and  washing 
machines  are  built  on  the  same  principle  as  the  washing  machine 
noted.  Then  comes  the  drying.  This  operation  is  done  first  in  what 
is  known  as  the  hydro-extractor  and  then  in  the  drying  stoves.  A 
hydro-extractor  is  a  sievelike  basket  contained  within  an  iron  tank, 
and  geared  to  revolve  at  enormous  speed.     By  the  centrifugal  force 
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developed  the  moisture  is  drawn   out  of  the  threads,   and  the  water 
passes  through  the  tank  into  the  drains. 

The  process  comprises  ten  operations,  sometimes  twelve,  as 
follow : — 

1.  Ley  boil:  60  gal.  caustic  soda,  400  gal.  water,  for  3000  lb.  of 
cotton;    boil  six  hours. 

2.  Wash  through  the  washing  machine. 

3.  Chemick:  bleaching-powder  solution,  two  hours  under  sieve; 
wash  half-hour  under  sieve. 

4.  Sour:  sulphuric  acid,  half-hour  under  sieve;  wash  another 
half-hour. 

5.  Washing  through  the  machine. 

6.  7,  8,  9,  10.   Repeat  above. 

11.  Run  through  dumping  machine,  with  hot  soap  liquor  and 
blue. 

12.  Hydro-extract  and  dry. 

Bleaching  Flax  Threads. — The  bleaching  of  flax  threads  is  done 
by  a  series  of  similar  machines  and  with  the  same  materials,  made 
a  little  stronger;  but  flax  has  a  special  feature  of  its  own.  After 
being  put  through  the  above  operations,  it  is  grassed — that  is,  laid 
out  in  the  fields  to  get  the  sun  and  the  air.  After  grassing,  the 
second  series  of  processes  are  performed,  and  the  thread  is  ready 
for  drying. 

Dressing. — The  inventor  and  improvers  of  the  dressing  machine 
have  done  their  work  well.  It  is  used  by  makers  of  threads,  cords, 
and  twines,  in  different  sizes  but  in  one  form.  The  dressing  machine 
is  very  long,  and  composed  of  several  distinct  parts.  At  the  back 
end  is  the  creel  holding  the  bobbins;  next  is  a  guiding  reed  or  raddle; 
next  lies  the  steam-heated  size-trough,  within  which  dipping  rollers 
revolve.  At  the  end  of  the  trough  revolve  a  set  of  clearing  rollers, 
and  adjoining,  on  a  higher  level,  cylindrical  brushes  turn  upon  each 
other.  Steam -heated  drying  cylinders  and  polishing  copper  rollers 
complete  the  machine  proper,  while  a  bank  of  bobbins  stands  beyond. 

Having  been  rewound  on  to  the  bobbins  by  the  winders,  after  the 
hanks  have  come  back  from  the  bleachers,  the  threads  are  led  from 
the  creel  through  the  raddle  and  down  into  the  sizing  trough. 
Wound  helically  round  the  dipping  rollers,  the  cords  are  thoroughly 
saturated  with  the  size.  Coming  up  all  dripping,  the  lines  are  cleared 
of  superfluous  liquid  in  the  clearing  rollers,  and  then  pass  through 
the  bristles  of  the  cylindrical  brushes,  which  rub  and  dry  them.     To 
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give  them  a  hard,  dry  surface,  the  threads  are  then  wound  round 
the  series  of  steam-heated  drying  cylinders  and  passed  on  to  the 
polishing  rollers,  issuing  lustrous  and  solid,  to  be  wound  again  on 
the  bobbins  fixed  on  the  bank  or  stand.  It  should  be  said  that  creel 
and  bank  are  driven  by  the  same  shaft,  and  the  taking  on  is  therefore 
always  equal  to  the  giving  off. 

The  twine  dressing  and  polishing  machine  (see  Plate)  is  rather 
more  thorough  in  its  treatment  than  those  for  yarn  dressing.  The 
twines  are  dressed  and  dried  twice  on  the  same  machine,  while  the 
receiving  bank  is  in  front  instead  of  behind  the  cylinders. 

Gassing. — Bleaching  and  dressing  fray  out  the  filaments  of  the 
outer  layers  of  the  threads  or  twines,  and  if  left  alone  would  make 
them  appear  dull  and  cloudy  after  the  first  gloss  had  gone.  Gassing 
is  now  the  universal  remedy  for  fluff,  as  it  is  called.  A  set  of  gas 
jets  is  fixed  on  the  head  of  a  double  frame,  the  bobbins  to  be  gassed 
are  ranged  on  one  side,  and  the  empty  bobbins  to  take  on  the  gassed 
threads  are  fixed  on  the  other  side.  The  threads  are  thus  run  through 
the  flames  and  wound  again  in  a  very  simple  way. 

Spooling  Sewing  Threads. — The  appliances  invented  for  the  spool- 
ing of  sewing  threads  are  highly  ingenious.  Simple  as  the  operation 
seems  at  first  sight,  it  is  by  no  means  actually  so.  Every  spool  con- 
tains a  definite  length  of  thread,  and  the  winding  on  must  be  solid 
and  regular.  A  sewing-thread  spool  is  produced  for  sale,  not  for 
manufacture,  and  therefore  requires  to  have  a  trim  and  dainty  appear- 
ance. Sometimes,  too,  gassing  is  combined  with  spooling,  the  jets 
shining  blue  in  the  heart  of  the  machine.  In  main  structure  the 
spooling  frame  is  simple  enough.  At  one  end  are  the  spools  of 
dressed  thread,  and  at  the  other  are  the  empty  spools  firmly 
stuck  on  horizontal  spindles  directly  driven  from  a  shaft  behind.  At 
the  end  of  the  driving  shaft  is  a  worm  working  into  a  stop  motion. 
The  worm  can  be  set  so  as  to  bring  on  the  stop  motion  at  any  time. 
It  may  permit  the  spools  to  wind  on  200  yd.,  300,  or  any  length  of 
thread;  but  the  length  must  be  fixed  before  starting.  Each  spindle 
is  geared  to  the  drive  by  a  wire,  which  is  supported  by  the  passage 
of  the  thread.  When  the  thread  breaks  the  wire  descends  and  stops 
the  frame.  The  reason  for  the  stop  motion  is  obvious.  If  the  frame 
were  permitted  to  run  on  after  a  thread  had  broken,  the  operator 
would  not  know  what  length  of  thread  had  been  wound  on ;  but  the 
stopping  of  the  drive  enables  the  worm  shaft  to  keep  perfect  count. 

The  latest  form  of  spooling  frame  is  even  simpler  and  more  expedi- 
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tious,  saving  as  it  does  the  trouble  of  winding.  This  frame  (fig.  189) 
spools  directly  from  the  hank,  but  is  otherwise  similar  to  the  older 
frame  described. 

After  being  filled,  the  spools  are  taken  to  the  warehouse,  where 
the  threads  are  fixed  in  the  cuts  in  the  flanges,  and  ornamental  labels 
are  pasted  on  both  ends  to  give  them  a  saleable  appearance. 

Cheese  Winding  of  Threads. — For  various  reasons  threads  are 
cross-wound  in  the  form  of  cheeses.  The  frames  upon  which  these 
cheeses  are  formed  have  been  called  split  winders.  On  the  head  of 
the  frame  very  large   bobbins   containing  the   thread  are   hung  in  a 


Fig.  189. — Spooling  Frame 


horizontal  position.  Under  them  revolve  a  set  of  vcurious  cylinders. 
About  I  ft.  in  diameter  and  5  in.  broad,  these  cylinders,  resembling 
belt  pulleys  in  appearance,  are  slit  in  a  regular  series  of  curves  through 
the  middle.  Through  the  zigzag  slit  the  threads  from  the  bobbins 
are  passed.  On  rollers  in  front  of  the  frame  the  threads  are  wound, 
pressing  rollers  resting  upon  the  winding-on  rollers  to  impart  solidity 
to  the  cheeses.  Observing  the  operation,  we  see  that,  by  simple 
revolution,  the  split  cylinders  deliver  the  threads  passing  through  them 
with  a  regular  zigzag  motion  like  the  helix  of  a  screw,  carrying  them 
from  one  side  to  the  other.  At  a  single  revolution  the  cylinder  covers 
the  whole  length  of  the  cheese  with  a  crossage  of  thread ;  repeated,  the 
crossage  passes  in  the  contrary  direction,  thus  building  up  layer  after 
layer  of  thread,  each  one  separated  from  the  other,  making  a  firm  and 
solid  cheese  of  thread  which  may  be  unwound  without  entanglement. 
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Balling  Twines. — Some  factories  employ  the  split  winder  in  making 
up  the  twines,  but  it  is  more  common  to  find  special  balling  machines. 
In  main  principles  all  the  balling  machines  working  in  twine  factories 
are  alike.  The  leading  idea  is  to  wind  the  twine  over  a  thick  bar 
of  iron,  building  it  up  and  covering  to  form  a  solid  and  symmetrical 


Fig.  190.— Two-headed  Bobbin  Binder  Twine  Balling  Machine 

ball.  The  frames  are  made  double,  triple,  and  quadruple,  but  each 
section  is  the  same  as  all  the  others  and  works  independently. 
On  the  back  of  the  frame  (fig.  190)  the  bobbin  containing  the  twine 
is  fixed  on  a  spindle,  and  in  front  is  the  winding -on  bar,  which, 
driven  at  high  speed,  revolves.  Between  the  bobbin  and  winding-on 
bar  is  a  flyer  guide  which  has  a  reciprocating  action.     Taken  through 
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the  flyer,  the  twine  is  wound  on   to  the  revolving  bar  in  a  regular 
crossing  manner. 

M 'Cormick's    Balling    Machine. — One  of  the  most  important  and 
improved  balling  frames  is  that  known  as  M 'Cormick's  machine  (fig. 


Fig.  191. — Double  Balling  Machine,  for  J  to  1  lb.  Balis 


191).  From  the  feed  bobbin,  hung  horizontally  at  the  back,  the  twine 
is  led  through  the  eye  of  a  lever  with  an  eccentric  motion,  and  wound 
over  the  bar  or  spindle  fixed  in  front  of  it.  From  the  side  comes  a 
guide  arm  which  confirms  the  winding  on  of  the  eccentric  lever  and 
gives  shape  and  consistency  to  the  ball.  When  the  length  of  twine 
fixed  for  the  ball  has  been  wound,   the  frame  stops   and  allows  the 
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doffer  to  lift  off  the  ball.     He  fixes  the  ends  and  takes  the  finished 
twine  to  the  packing  room. 

Rope  Making. — Though  rope  spinning  by  hand  has  been  almost 
discarded  in  this  country,  the  hand  method  has  still  its  mark  on  the 
industry.  In  the  days  gone  by  the  rope  spinner  carried  on  his  work 
in  a  rope  walk,  a  long,  narrow  building  fit  for  the  long  product  of 
his  craft.  In  one  system  of  rope  spinning  by  machinery  the  rope 
walk  is  retained.  All  the  machines,  in  fact,  are  little  more  than 
mechanical  imitations  of  the  labours  of  the  hand  rope  spinner.  The 
other  system  adopts  an  opposite  method,  and  imitates  on  a  large 
scale  the  operations  of 
the  spinning  factory. 
The  two  systems  must 
be  considered  apart,  the 
machines  and  methods 
employed  being  totally 
different. 

Rope  Walk. — A  rope 
walk  is  usually  200 
fathoms  in  length  and 
about  30  ft.  broad.  It 
is  generally  roofed  over 
to  protect  the  workers 
and  the  material  from 
changes  in  the  weather, 
a  damp,  humid  atmos- 
phere being  the  best  for  ropework.  In  the  centre  of  the  walk  lines 
of  rails  are  laid  for  the  passage  from  end  to  end  of  the  heavy- 
machine  called  the  traveller;  along  the  sides  of  the  rail  track  stand, 
at  intervals,  posts  with  grooved  heads,  named  the  stake  heads,  which 
act  as  carriers  for  the  completed  rope  as  it  is  given  out  from  the 
traveller.  Gates,  which  open  before  and  close  behind  the  traveller, 
perform  a  similar  function. 

Foreturn. — At  the  head  of  the  rope  walk  stands  the  foreturn  and 
its  accessories  (fig.  192).  Behind  the  massive  machine  a  V-shaped 
board,  called  the  **bank",  is  placed;  on  the  board  are  vertical  pegs 
designed  to  hold  the  yarn  bobbins,  with  accommodation  for  360 
bobbins. 

Between  the  creel  and  the  foreturn  we  place  the  grid,  with  one  of 
the  register  plates  fitted  on.     A  frame  composed  of  iron  rods  crossed 


Fig.  192. — Foreturn,  showing  Steam  Box  and  Register  Plate 
(Combe,  Barbour  &  Combe,  Ltd.,  Belfast) 
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to  form  squares,  the  grid  is  faced  by  the  register  plate.  In  the 
plate,  holes,  grouped  circularly,  have  been  drilled,  so  that  any  multiple 
of  yarns  may  be  passed  through. 

The  foreturn,  or  upper -end  machine,  itself  stands  at  the  end  of 
the  rope-walk  rails.  On  its  head  is  a  square  box,  kept  constantly 
heated  by  steam;  tubes  run  through  the  sides  of  the  box,  perforating 
it  with  so  many  passages.  The  ends  of  the  tubes  are  flanged  on 
the  plates  of  the  box  to  prevent  escape  of  steam.  The  breast  of  the 
foreturn  is  a  heavy  iron  block,  with  sockets  for  strong  hooks  ranging 


Fig.  193. — Foreturn  and  Traveller 

A,  Steam  chest  with  strand  tubes,     b,  Breast  of  foreturn  or  foreboard  with  hooks,     c.  Breast  of  traveller 
with  hooks,     d,  Driving  gear,     e,  Platform  of  traveller,     f.  Rails  of  rope  walk. 


in  concentric  circles,  with  a  large  hook  in  the  centre.  The  hooks  are 
firmly  fixed  in  the  sockets  and  geared  to  the  driving  wheel  on  the 
machine. 

Traveller. — Almost  the  counterpart  of  the  foreturn,  without  the 
steam  chest,  the  traveller,  or  lower-end  machine  (fig.  193),  stands  on 
the  rails,  having  heavy  wheels,  driven  by  a  rope  from  the  main 
shaft  of  the  ropework.  Fixed  on  spindles  within  its  breast  the  tra- 
veller holds  a  set  of  strong  hooks,  geared  to  the  drive  through  a 
train  of  wheels  which  may  be  changed  according  to  the  speed  of 
revolution  required.  A  footplate  is  attached  to  the  traveller  for  the 
workman,  and  brakes  of  great  power  endow  him  with  sufficient  control 
over  the  movements  of  the  massive  tool. 

Rope   Spinning. — Having    provided    ourselves   with    all    the    tools 
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necessary,  we  can  proceed  with  the  spinning  of  the  rope,  allowing 
our  practical  adviser  to  describe  the  operation  in  his  own  way:  *'  In 
the  manufacture  of  rope,  the  size  of  yarn  is  generally  decided  upon 
by  the  number  of  threads  required  in  each  strand  or  '  ready '.  For 
instance:  If  we  wish  to  make  a  rope  3  in.  circumference,  with  three 
strands,  and  select  the  size,  viz.  20-thread  yarn,  which  should  run  out 
100  yd.  to  I  lb.,  and  measure  0.09  diameter,  twenty  yarns  of  this 
size  in  each  strand  will  make  the  required  rope  of  3  in.  circumference. 
The  size  of  20-thread  yarn  is  considered  to  be  the  usual  'grist';  the 
numbers  from  25-thread  to  40-thread  yarn  are  called  the  '  finer  grist '. 
The  head  of  the  rope  walk  is  called  the  upper  end,  and  the  opposite 
end  is  called  the  lower  end.  At  the  upper  end  are  bobbin  frames  or 
banks  fitted  to  receive  the  bobbins.  Each  bobbin  contains  about  15  lb. 
of  yarn.  Each  thread  of  yarn  is  passed  through  a  separate  hole  in  the 
*  register  plate '.  The  yarns  converge  into  one  point  leading  to  the 
forming  plate,  which  is  jacketed  to  take  steam  for  tarred  work,  and 
holds  the  tubes.  These  tubes  have  parallel  holes,  with  a  bell  mouth 
through  which  the  yarns  pass  before  being  conveyed  to  the  '  forming  * 
machine.  The  holes  in  these  tubes  vary  according  to  the  size  of  the 
rope  being  made.  The  process  of  twisting  a  number  of  yarns  together 
is  termed  'forming',  and  is  done  on  a  forming  machine.  This  machine 
is  mounted  on  wheels,  and  travels  along  rails  the  whole  length  of  the 
rope  walk.  It  receives  its  motion  from  an  endless  rope  band,  passing 
round  pulleys  at  the  top  and  bottom  of  walk,  which  acts  as  a  driving 
rope,  being  driven  by  an  engine.  Whilst  the  machine  travels,  the 
yarns  fastened  on  to  each  hook  are  drawn  out,  and  twisted  together 
as  a  strand.  The  speed  and  revolutions  of  the  hooks  are  regulated 
according  to  the  size  of  strands  of  which  the  ropes  have  to  be  made 
out  of. 

"  Laying, — The  next  process  is  that  in  which  the  strands  are  laid 
into  a  rope  by  two  laying  machines,  one  at  the  upper  end  of  the  walk, 
and  the  other  at  the  lower  end.  In  this  process,  instead  of  being  twisted 
together,  as  the  yarns  were  in  the  forming  process,  they  are  laid  in 
a  spiral  position  by  a  laying  top.  These  tops  are  made  of  various 
sizes,  according  to  the  sizes  of  ropes  required,  and  are  tapered,  some 
having  three,  the  others  four  grooves,  whatever  the  number  of  strands 
may  be  in  the  construction  of  the  rope.  For  a  3-in. -circumference 
rope  the  size  of  laying  top  would  be  12  in.  long  and  10  in.  diameter 
at  large  end,  8  in.  diameter  at  smaller  end.  As  the  formation  of  the 
rope  proceeds,  the  lower-end  machine  is  gradually  drawn  up  the  walk 
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by  the  shortening  of  the  strands.  The  laying  top  is  gradually  pressed 
forward  by  the  closing  of  the  strands,  one  upon  the  other,  and  its 
motion  requires  to  be  regular  and  sure.  It  is  prevented  from  moving 
too  fast  by  a  '  tail '  or  piece  of  rope  attached  to  the  top  handle,  which 
is  coiled  round  the  rope  already  laid,  and  acts  as  a  drag  to  the  top. 
In  larger  made  rope  a  glazed  top  cast  is  used  to  prevent  slipping. 
The  result  of  this  process  brings  the  lower-end  machine  up  as  already 
explained.  '  Press  weights '  are  placed  upon  this  machine  to  retard 
its  motion  and  so  hold  the  rope  as  tight  as  possible  during  the 
laying." 

For  the  sake  of  illustration  we  have  carried  through  the  whole 
process  of  cable  laying  in  one  rope  walk.  Practically  this  is  seldom 
done.  Strands  are  generally  laid  in  walks  devoted  to  them  alone, 
with  lighter  machines.  The  great  rope  walk  is  generally  reserved 
for  cable  laying  only — that  is,  the  combination  of  the  three  thick 
strands.  A  saving  of  engine  power  is  effected,  but  that  is  not  the 
only  reason.  Strands  of  the  same  kind  and  weight  are  required 
for  ropes  and  cables  differently  constructed.  Hawser-laid  cables  are 
made  up  of  triple  strands  separately  twisted.  Shroud-laid  ropes  are 
composed  of  four  strands,  three  being  twisted  round  a  fourth,  which 
forms  a  core.  Any  number  of  yarns  may  be  formed  into  strands, 
which  in  turn  may  be  combined  in  any  number,  small  or  large. 

Another  reason  for  making  strands  singly  is  the  fact  that  many 
ropes  and  cables  are  tarred.  Passed  through  a  machine  not  unlike  the 
dressing  machine  above  sketched,  the  strands  are  dried  and  seasoned 
in  a  storeroom  and  taken  out  for  use  when  mellowed. 

This  branch  of  the  rope-spinning  industry  has  not  met  the  com- 
petition of  the  rope  factory  very  successfully;  but  there  is  room  for 
both,  if  we  are  not  mistaken.  Owing  to  the  fact  that  the  tensions 
of  the  strands  are  more  equal  in  the  rope  walk  than  in  the  machines, 
walk-laid  ropes  have  every  chance  of  being  more  reliable  than  factory- 
laid  ones,  and  when  the  lives  of  men  depend  upon  the  quality  of  the 
materials  they  work  with,  as  often  happens,  they  will  choose  the 
more  reliable  at  any  price.  Rope  spinners  have  the  future  fate  of 
their  trade  in  their  own  hands.  The  quality  of  the  hemp  is  not  diffi- 
cult to  ascertain,  and  if  every  yarn  and  every  strand  is  fairly  and 
honestly  twisted,  a  good  rope  will  be  produced. 

The  Rope  Factory. — The  machinery  of  the  rope  factory  is  labour- 
saving  to  a  marvellous  degree.  Beside  the  great  machines  the  human 
worker  appears   a  mere  pygmy.     Large  bobbins,   great  creels,  giant 
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frames,  worked  on  mighty- 
wheels,  driven  by  vast 
power,  the  rope-making 
machines  are  in  principle 
nothing  more  than  the 
single  spindle  of  a  twist- 
ing frame  writ  large. 
Some  machines  called 
tandems  are  built  to  carry- 
through  the  whole  pro- 
cess from  yarn  to  rope 
at  once;  but  we  do  not 
think  the  work  is  so  well 
done  as  when  two  ma- 
chines are  employed.  It 
is  a  triumph  of  mechan- 
ical ingenuity  to  spin  a 
rope  by  machinery  with- 
out the  intervention  of  a 
human  hand  between  the 
yarn  and  the  finished 
article,  but  less  imposing 
achievements  are  often 
better  and  more  lasting. 
Horizontal  Strandinp 
Machine. — The  bobbins- 
containing  the  yarns,  say 
thirty,  are  hung  on  spin- 
dles within  a  circular 
frame,  and  the  yarns  led 
through  the  register  plate 
on  the  fore  end  of  the 
frame.  At  both  ends  of 
the  frame  are  shafts  with 
pinions,  acted  upon  by 
the  wheels  driven  from 
the  main  shaft.  Another 
creel  frame  holding  a 
single  large  bobbin 
forms    the    delivery   part 
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of  the  machine.  This  bobbin  hangs  in  its  own  frame,  and  beside 
are  guides  and  stretching  cones  for  the  conditioning  and  winding  on 
of  the  strand.  Each  frame  turns  on  its  own  axis,  the  pair  turning 
in  opposite  directions.  Driven  on  the  spindle  within  the  frame, 
the  bobbin  pulls  at  the  yarns,  which  are  combined  in  the  inter- 
mediate tube  and  stretched  on  the  cones  before  being  wound  on  the 
bobbin. 

Other  forms  of  stranding  machines  are  in  everyday  use,  but  it  is 
the  simplicity  of  the  principle  which  enables  the  machinists  to  vary 
the  shapes.  If  necessary,  an  endless  series  of  tandem  frames  could 
be  made,  and  built  vertically  or  horizontally.  However  complex  these 
machines  might  appear,  they  would  be  nothing  more  than  a  multipli- 
cation of  creels  successively  twisting  the  yarns  contained,  by  contrary 
revolution. 

Closing  Machine. — After  spinning  the  yarns  into  strands,  we  take 
them  to  the  closing  or  cabling  machine  (see  Plate).  The  three 
bobbins  are  hung  horizontally  in  the  horizontal  creel  on  driven  spindles 
which  impart  a  motion  to  the  bobbins.  Revolving  on  its  own  axis, 
the  frame  or  creel  twists  the  strands  as  they  are  delivered  from  the 
bobbins  revolving  inside  it.  To  give  certainty  to  the  twist,  the 
strands  are  wound  on  stretching  cones  as  they  come  off  the  bobbins. 
Passing  through  the  collecting  tube  into  the  twisting  frame,  the 
strands  are  united,  and  twisted  hard  or  soft,  according  to  design,  by 
means  of  the  tempering  bar.  As  the  rope  issues  from  the  head  of 
the  closing  frame  it  is  drawn  through  and  round  a  pair  of  stretching 
pulleys  and  wound  on  to  the  reel  or  barrel,  geared  to  run  at  varying 
speeds.  Two  causes  direct  a  difference  in  speed  on  the  reel.  If 
production  is  to  be  quickened  and  a  relatively  reduced  number  of 
turns  to  be  put  upon  the  rope,  the  speed  of  the  winding  on  must  be 
accelerated.  The  other  cause  is  the  growth  of  the  reel  itself.  As 
the  reel  grows  in  size  its  speed  must  be  lowered.  Here  we  have  not 
speed  ratios  to  deal  with,  but  direct  speeds.  A  wide  reel,  driven  at 
the  same  speed  as  a  narrow  one,  must  take  on  more  yarn  in  a 
revolution. 

A  light  machine,  and  one  capable  of  either  stranding  or  laying, 
is  the  "  i8-thread  cord  or  rope  laying  machine"  (see  Plate).  This  is 
a  very  useful  tool,  and  it  shows  to  what  varied  uses  the  spinning 
principle  may  be  applied. 

The  rope  factory  has  grown  rapidly  and  may  develop  further.  At 
present  the  great  amount  of  power  required  has  aroused  enquiry.     The 
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proportions  of  machines  in  the  average  factory  are  simple ;  two  strand- 
ing machines  are  allowed  to  each  closing  machine.  Large  cables  can 
be  produced  at  the  rate  of  10  yd.  a  minute  on  these  machines.  Small 
ropes  are  spun  at  a  much  higher  rate. 

The  following  table  gives  the  size  of  yarn,  number  of  turns  required 
per  foot,  number  of  yards  to  i  lb.,  diameter  in  32nds  and  also  in 
fractions  of  an  inch,  and  the  weight  of  threads   160  fathoms  long: — 


Size  of 
Yarn. 

Drams 
160  Fathoms. 

Lb. 

Oz. 

Drams. 

Diameter, 
32ncls. 

Diameter, 
Fractions. 

No.  of  Turns 
Per  Foot. 

Yd.  to 
1  Lb. 

12 

1365 

5 

5 

5 

5-554 

1 

6 

9 

60 

13 

1260 

4 

14 

12 

5.128 

i 

9-75 

65 

14 

I  170 

4 

9 

2 

4.762 

1 

10.5 

70 

15 

1092 

4 

4 

4 

4.444 

1 

T 

11.25 

75 

16 

1024 

4 

— 

— 

4. 166 

i 

12.0 

80 

^7 

964 

3 

12 

4 

3.921 

i 

12.75 

85 

18 

910 

3 

8 

14 

3.700 

1 

-5- 

13-5 

90 

19 

862 

1 

5 

14 

3-508 

1 
0 

14.25 

95 

20 

819 

3 

3 

3 

3-333 

1 

"S" 

15 

100 

21 

772 

3 

0 

4 

3-174 

1 
T(7 

15-75 

105 

22 

743 

2 

14 

7 

3-030 

1 

16.5 

no 

23 

712 

2 

12 

8 

2.898 

1 
1 1 

^7-25 

115 

24 

682 

2 

10 

10 

2.777 

1 
TT 

18 

120 

25 

655 

2 

8 

15 

2.666 

1 
T2 

18.75 

125 

26 

630 

2 

7 

6 

2-565 

1 
12 

19-5 

130 

27 

606 

2 

5 

14 

2.469 

1 
1  5 

20.25 

135 

28 

585 

2 

4 

9 

2.380 

1 

21 

140 

29 

565 

2 

3 

5 

2.295 

1 
1  4 

21-75 

145 

30 

546 

2 

2 

2 

2.222 

1 
1  4 

22.5 

150 

31 

528 

2 

I 

0 

2.150 

1 
1  5 

23-25 

155 

32 

512 

2 

0 

0 

2.083 

1 
1  5 

24 

160 

33 

499 

I 

15 

3 

2.020 

1 

24-75 

165 

34 

482 

I 

14 

2 

1.960 

1 

25-5 

170 

35 

468 

I 

13 

4 

1.900 

1 

26.25 

175 

36 

455 

I 

12 

7 

1-851 

1 
TT 

27 

180 

Five  times  the  size  of  yarn  gives  number  of  yards  to  the  pound.     Diameters  are  taken  from  25-thread 
yarn,  which  is  as  near  as  it  is  possible  to  go  to  ^  in. 

The  accumulated  experience  of  many  generations  has  enabled  the 
rope-maker  to  arrive  at  a  standard  in  which  all  the  factors  in  the 
rope  are  correctly  rated.  For  example,  it  will  be  observed  in  the 
foregoing  table  that  the  number  of  turns  per  foot  is  exactly  pro- 
portioned to  the  thicknesses  of  the  component  yarns.  The  advantage 
of  building  up  ropes  to  a  finely-graded  scale  is  very  great. 

Approximate  sizes  of  coir  and  Manila  towlines,  hawsers,  and 
warps,  proportionate  to  those  in  tarred  hemp  which  comply  with 
Lloyd's  Regulations: — 
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Vessel's  Net 

TOWLINES, 

Hawsers, 

Warps, 

1 

Register. 

90  Fathoms. 

90  Fathoms. 

90  Fathoms. 

1 

1 

Coir 

Tarred 

•2S. 

Tarred 

■ss. 

Tarred 

Tonnage. 

or  Tarred 

or  White 

Coir. 

fe2 

or  White 

Coir. 

g  0 

or  White 

Coir. 

Europe. 

Manila. 

rt  3 

Manila. 

a  3 

Manila. 

In. 

In. 

In. 

In. 

In. 

In. 

In. 

In. 

In. 

5c^75 

5i 

4f 

7 

3l 

3 

Ah 





lOO 

6i 

Sh 

7l 

4 

3i 

5 







150 

^ 

5f 

7l 

4| 

3f 

5^ 







200 

7 

6i 

8^L 

5 

4i 

eh 

4 

3i 

5 

250 

7| 

6f 

9" 

5 

4i 

6| 

4 

3-i 

5 

300-350 

8 

7i 

9f 

5i 

4f 

7 

4i 

3l 

Sh 

400 

81 

7f 

io| 

6 

5i 

7i 

Ah 

3f 

Sh 

500 

9" 

8i 

II 

7 

6i 

81 

5 

4i 

61 

600 

9h 

81 

14 

7 

6i 

8i 

5 

4i 

61 

700 

10 

9 

12 

8 

7i 

9l 

5i 

4f 

7 

800 

io| 

9^ 

14 

81 

7i 

10^ 

6 

5i 

7i 

900-1000 

II 

10 

13I 

9 

8i 

II 

6 

5i 

7i 

1 100-1200 

11* 

loi 

14 

9i 

8| 

14 

61 

5f 

7f 

1400 

I2i 

14 

15 

10 

9 

12 

7 

6i 

81 

1600 

I3I 

12 

,61 

io| 

9i 

12I 

74 

6i 

8| 

1800-2000 

14 

13 

i7i 

II 

10 

13J 

8 

7i 

10 

Note. — White  Manila  rope  is  about  20  per  cent  and  coir  rope  about  50  per  cent  lighter  than  tarred 
Russian  hemp  rope,  size  for  size. 

Coir  rope  and  hawsers  will   stretch  about  50  per  cent. 
Hemp  and  Manila  rope  ,,  ,,  25        „ 

Flexible  steel  hawsers  ,,  ...  s        n 


CHAPTER   X 
Yarn  Measures 

Counts  of  Yarns, — When  the  spinner's  work  is  done,  his  product 
is  measured  either  for  sale  purposes  or  for  weaving  calculations. 
Though  the  manufacturer  weaves  the  yarn  he  has  spun,  he  must 
know  the  precise  nature  of  the  yarn,  or  else  his  weaving  would  be  a 
blind  operation.  In  every  period  of  textile  history  there  have  been 
spinners  who  sold  their  yarns  and  spinners  who  wove  them ;  weavers 
who  were  spinners,  and  weavers  who  bought  yarns  from  others  who 
spun.  At  the  present  day  the  same  division  occurs;  the  finished 
product  of  some  factories  is  spun  yarn ;  in  other  factories  the  spinning 
department  is  only  a  part  of  the  whole,  which  includes  weaving  and 
cloth  finishing  as  well.  Though  never  reeled  into  hanks  and  passed 
direct    from   the   spinning    room    to    the   weaving    shed,    the   yarn    is 
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measured  by  the  hank,  and  its  fineness  determined  by  the  weight  of 
the  hank.  Weight  to  length  is  the  basis  of  yarn  measurement.  A 
certain  unit  of  weight  is  given  to  a  hank  of  a  certain  length,  and  this 
unit  or  hank  is  count  No.  i.  There  are  two  methods  open  to  us  in 
building  up  a  system  of  measurements  on  this  dual  basis.  We  may 
elect  to  make  the  length  the  fixed  and  the  weight  the  varying  quantity, 
or  vice  versa.  The  number  of  hanks  of  yarn  in  a  given  weight  may 
be  the  number  of  the  count,  or,  alternatively,  the  number  of  weight 
units  in  a  hank  may  be  the  count  number.  Both  methods  have  been 
adopted,  and  some  difficulties  have  arisen  from  that  cause.  Many 
yarns  cannot  be  measured  in  general  terms.  If  the  units  of  length 
and  weight  were  the  same  in  all  cases,  it  would  not  be  difficult  either 
to  make  the  methods  of  measurement  uniform,  or  to  convert  the  one 
into  terms  of  the  other;  but  there  are  many  variations.  The  unit  of 
length  in  worsted  yarns  differs  from  the  unit  of  length  in  cottons; 
weight  units  differ  to  a  greater  extent.  Nor  do  we  find  that  the  yarns 
of  one  fibre,  such  as  wool  or  silk,  are  always  measured  by  the  same 
rules.  To  state  the  qualities  of  all  yarns  in  common  terms  is  impossible 
at  present;  it  is  even  difficult  to  find  a  common  measure  for  the  same 
kind  and  quality  of  yarn  produced  in  different  districts.  Before 
attempting  to  formulate  a  scientific  method  of  yarn  measurement,  we 
shall  examine  closely  the  leading  methods  at  present  in  use,  and  the 
principles  upon  which  they  have  been  based. 

Yarn  Tables. — The  oldest  methods  of  measuring  yarns  took  no 
account  of  weights;  length  was  the  sole  factor.  It  is  easy  to  under- 
stand that  hand  spinners  of  such  fibres  as  wool  and  flax  needed  no 
very  elaborate  scale  to  grade  the  relative  fineness  of  their  yarns.  The 
positive,  comparative,  and  superlative  degrees  of  fine  and  coarse  would 
amply  suffice.  Not  that  the  hand  spinners  were  incapable  of  making 
fine  yarns  finely  graded,  but  that  the  social  conditions  were  simple  and 
the  market  small  and  local.  The  oldest  complete  table  still  in  use  in 
Great  Britain  that  we  can  trace,  is  the  flax  table,  which  runs  as 
follows : — 

Linen-yarn  Table 

I  thread  =    i  reel  turn  =  90  in. 

120  threads  =    i  lea  or  cut  =  300  yd. 

12  cuts  =    I  hank  =  3,600    ,, 

200  cuts,  or  i6f  hanks  =    i  bundle  =  60,000    ,, 

20  hanks  =    i  reel  =  72,000    ,, 

50      ,,  =1  three-bundle  bunch  =  180,000    ,, 
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Analysis  of  the  above  table  brings  out  the  principle  on  which  the 
flax  spinners  measured  their  yarns  and  the  unit  thereof.  The  unit  is 
the  circumference  of  the  reel,  which  is  90  in.  or  2|  yd.  The  next  item 
in  the  table  has  two  names,  both  of  which  are  significant.  Lea  is  the 
old  form  of  the  word  lay,  and  signifies  in  this  connection  a  layer  of 
yarn — as  much  yarn  as  covers  the  reel.  To  put  any  more  on  that  part 
of  the  reel  would  increase  its  circumference  so  much  that  the  round 
of  yarn  would  be  over  90  in.  in  length.  Already  the  120  rounds  has 
made  some  increase,  and  it  is  time  to  stop.  The  reeler  shifts  his  yarn 
guide  a  little  bit,  and  starts  on  a  new  place.  He  makes  12  lays,  and  a 
hank  is  reeled.  The  meaning  of  cut  is  still  more  obvious.  When  120 
rounds  have  been  laid  on  the  reel,  a  cut  or  division  is  made  between 
that  set  and  the  next. 

Following  the  table  further,  we  find  in  the  newer  versions  i6f  hanks 
equal  to  a  bundle ;  but  the  older  form  of  the  table  reverted  to  cuts  when 
dealing  with  bundles,  and  we  may  safely  infer  that  the  bundle  was 
made  up  in  that  form.  When  it  came  to  reels,  however,  the  hank,  as 
the  larger  parcel  and  more  easily  handled,  was  the  unit.  Another 
practical  fact  is  shown  in  this.  The  reel  of  the  present  day,  being 
power-driven,  holds  24  hanks:  but  the  old  hand  reel  held  only  20,  and 
therefore  20  hanks  became  known  collectively  as  a  reel. 

Yarn  qualities  were  denoted  in  very  early  times  by  special  terms, 
of  which  har7i  is  a  last  survival,  signifying  a  coarse,  low  class  of  flax 
yarn;  but  the  common  practice  of  the  trade  has  for  long  been  to  range 
qualities  according  to  the  weight  per  lea,  with  i  lb.  as  the  standard 
unit.  The  lowest  count  is  i  lea  =  i  lb. ;  50  lea  =  15,000  yd.  in  i  lb. 
A  hank  which  weighs  i  lb.  is  12  counts. 

Jute-yarn  Measures.  —  One  of  the  textile  fibres  lately  introduced 
into  this  country,  jute  takes  its  measures  from  one  of  the  oldest  tables 
in  use.  We  believe  that  part  of  the  jute-yarn  table  comes  from  a 
form  even  older  than  the  present  flax  or  linen  table.  It  is  specially 
interesting  on  that  account. 

Jute- YARN  Table 

1  revolution  of  reel  =  i  thread  =  2^  yd. 
120  threads  =  i  cut  =  300    ,, 

2  cuts  =  1  heer  =  600  ,, 
6  heers  =  i  hasp  =  3j6oo  ,, 
4  hasps  =  I  spyndle  =  14,400    ,, 

The  primary  unit  is  the  size  of  the  reel,  measuring  90  in.,  and  120 
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revolutions  of  the  reel  make  the  cut;  but  we  have  heer^  hasp,  and 
spyndle  to  account  for.  Jute  is  a  very  large  and  heavy  yarn,  and  it 
requires  closer  subdivision  than  flax.  We  have  not  been  able  to 
trace  the  derivation  of  heer,  unless  it  can  be  taken  as  derived  from 
har,  the  old  Danish  for  ranging,  putting  in  order,  meaning  that  the 
reeler  had  then  to  range  the  yarn  on  the  reel  lest  it  should  tangle. 
Very  probably  the  heer  was  the  original  hank  of  large  thick  yarns. 
Some  authorities  suggest  that  the  word  was  derived  from  the  Old 
Norse  word  herfa^  meaning  "skein".  Hasp  undoubtedly  meant  the 
whole  contents  of  the  reel  in  the  older  table,  but  the  term  may  now 
be  taken  as  the  equivalent  of  hank.  Spyndle  is  a  word  which  con- 
stantly appears  in  Scottish  yarn  tables,  and  it  nearly  always  signifies 
a  length  of  14,400  yd.  It  corresponds  to  the  reel  in  flax,  and  may 
be  taken  as  the  contents  of  the  full  reel,  though,  as  we  have  said,  it 
is  probable  that  hasp,  which  signifies  the  same  thing,  was  the  content 
of  the  oldest  reel. 

The  spyndle  of  jute  yarn  is  weighed,  and  the  class  of  yarn  is 
according  to  the  number  of  pounds  avoirdupois  in  it.  7  lb.  is  7  counts, 
6  lb.  is  6  counts,  and  2  lb.  is  2  counts.  Here  the  principle  of  weight 
to  length  works  contrary  to  that  of  the  flax  and  some  other  fibres. 
Note,  however,  that  the  length  of  yarn  is  the  constant  quantity,  and 
the  weight  the  variable  quantity.  The  finer  the  yarn  the  less  the 
weight. 

Wool-yarn  Tables. — The  most  complete  of  the  tables  handed  down 

to  us  is  that  known  as  the  Aberdeen  system,  used  for  all  kinds  of  yarns. 

From  the  following  it  will  be  seen  how  far  the  linen  and  jute  tables  are 

modifications  of  it: — 

Aberdeen  Yarn  Table 


I  revolution  of  reel 

= 

I  thread 

= 

2^  yd 

120  threads 

= 

I  cut 

= 

300   ,, 

2  cuts 

= 

I  heer 

= 

600   ,, 

3  heers 

= 

I  slip 

= 

1,800   ,, 

2  slips 

= 

I  hank 

= 

3,600   ,, 

2  hanks 

= 

I  hasp 

= 

7,200   ,, 

2  hasps 

= 

I  spyndle 

= 

14,406   ,, 

It  is  quite  clear  that  the  compilers  of  such  a  table  had  length  only  in 
mind.  The  question  of  weight,  when  it  arose,  was  solved  by  putting 
the  spyndle  on  the  scales  and  weighing  it.  The  pounds  weight  of  the 
spyndle,  therefore,  became  the  basis  of  what  we  now  call  counts.  3-lb. 
yarn  gave  3  lb.  to  the  spyndle,  5-lb.  gave  5  lb.,  and  so  on;  the  finer 
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the  yarn  in  the  present  day  the  lower  the  count.  At  the  time  when  the 
table  was  chiefly  relied  on  as  the  measure  of  yarns  lightness  did  not 
mean  quality.  Both  wool  and  flax  could  be  spun  light  and  give  a  very 
bad  yarn.  The  textile  fabrics  worn  up  till  the  middle  of  the  nineteenth 
century,  by  the  mass  of  the  people  especially,  were  strong  and  heavy, 
requiring  solid  sound  threads.  Weight  simply  signified  that  so  much 
material  was  in  a  yarn;  the  quality  was  judged  by  sight  and  touch  of 
the  yarn  itself.  This  points  to  a  simplicity  of  commercial  and  social 
conditions  quite  gone  from  us,  and  we  have  been  compelled  to  adopt 
methods  which  assist  the  buyer  of  yarns  to  define  quality  in  terms  more 
definite. 

Another  yarn  table  of  some  importance  was  the  Stirling  system. 
The  reel  of  this  system  was  72  in.  in  circumference,  and  120  revolutions 
gave  240  yd.,  which  was  taken  as  the  cut.  The  table,  as  used  in  some 
districts  of  America  and  in  the  Scottish  Lowlands,  is  given  thus : — 

Stirling  Yarn  Table 


I  revolution  of  reel 

= 

I  thread 

= 

2  yd, 

120  threads 

= 

I  cut 

= 

240   ,, 

8  cuts 

= 

I  head 

= 

1,920   ,, 

6  heads 

= 

I  spyndle 

= 

11,520    ,, 

The  Stirling  system  is  based  on  24  lb.  as  the  unit  of  weight,  and 
the  count  of  the  yarn  is  fixed  by  the  number  of  spyndles  in  that 
weight. 

In  the  West  of  England,  Yorkshire,  and  Lancashire  the  spinners 
of  woollen  and  worsted  yarns  seem  to  have  discarded  the  yarn  tables 
very  early  in  their  history,  and  resorted  to  certain  units  of  length  and 
weight  variously  related.  The  large  variety  of  lengths  and  weights, 
the  diflerent  ratios,  and  the  various  names  given  to  certain  quantities 
and  lengths  of  yarn,  all  point  to  standard  tables  belonging  to  the 
numerous  localities  which  have  totally  disappeared.  From  an  anti- 
quarian point  of  view  it  would  be  interesting  to  reconstruct  those 
tables  and  compare  them  with  the  tables  still  surviving  in  Scotland 
and  Ireland.  Some  valuable  bits  of  social  history  would  doubtless 
reward  the  labour.  For  the  present,  however,  we  must  leave  that 
aside,  because  it  has  little  practical  bearing  on  our  subject. 

Beginnings  of  Counts  Systems. — In  the  wool-manufacturing  dis- 
tricts of  England  the  very  memory  of  yarn  tables  has  almost  vanished. 
Very  early  in  their   history  the  Yorkshire  spinners   took  a   practical 


YARN    MEASURES  25 

method  of  measuring  their  yarns.  At  the  weighing  box,  or  at  the 
start  of  drawing,  the  slivers  or  slubbings  were  combined  in  wharterns. 
This  whartern  was  an  arbitrary  weight  which  generally  came  to  mean 
the  equivalent  of  6  lb.  Slivers  of  various  weights,  but  equal  in  length, 
were  assembled  in  groups,  each  making  up  the  weight  of  6  lb.  and 
treated  as  a  unity.  By  the  familiar  method  of  doubling,  these  slivers 
were  converted  into  a  single  sliver,  the  whole  weight  of  which  was  6  lb. 
From  this  sliver,  or  set  of  slivers,  the  spinner  set  himself  to  spin  a  skein 
1536  yd.  long,  which  was  made  up  into  a  hank.  If  he  only  managed 
to  get  one  skein  out  of  the  whartern,  his  yarn  was  named  one-skein ; 
but  if  he  got  three  skein  lengths,  it  was  named  three-skein  yarn.  At 
first  thought  this  method  seems  suddenly  to  change  from  the  practical 
to  the  arbitrary ;  but  another  fact  throws  light  on  the  matter,  and  if  we 
ask  why  1536  was  the  fixed  unit  of  yards  in  the  skein,  we  find  that 
there  are  just  so  many  drams  in  6  lb.  The  basis  of  the  whartern 
system,  therefore,  is  that  i  yd.  weighing  i  dr.  is  yarn  No.  i.  This 
seems  a  very  simple  and  rational  system  of  measuring  yarns.  By 
dropping  the  whartern  and  the  skein  length  dependent  on  it,  and  fixing 
the  yard  as  the  unit  of  length  and  the  dram  as  the  unit  of  weight,  we 
would  obtain  a  very  rational  method  of  measurement. 

The  fact  to  be  noted  specially  at  this  point  is  the  abolition  of  the 
purely  technical  table  and  the  resort  to  common  weights  and  measures. 
When  this  occurred,  a  great  step  had  been  taken  towards  the  desired 
scientific  system  of  measuring  yarns. 

Weight  to  length  is  the  sole  measure  in  the  West  of  England 
wool  district;  but,  even  so,  the  standard  has  been  fixed  by  an  older 
system.  The  length  unit  is  20  yd.,  and  the  weight  unit  is  i  oz.  If 
we  enquired  into  the  cause  which  fixed  20  yd.  as  the  unit  of  length, 
we  should  certainly  find  either  a  table  or  a  reel,  or  both,  at  the  bottom 
of  it. 

What  is  known  as  the  Dewsbury  system  also  takes  the  ounce  as  the 
weight  unit,  but  has  for  its  length  unit  the  yard.  We  therefore  very 
quickly  get  into  high  counts  on  that  system.  A  yard  of  yarn  which 
weighs  an  ounce  would  be  hard  to  find  in  these  days.  No  matter  how 
high  the  counts  go,  however,  the  units  are  simple  and  easily  under- 
stood. 

A  system,  which  is  a  fragment  of  some  old  table,  survives  in  the 
"Cumberland  bunch  count".  The  unit  of  this  system  was  the  bunch, 
measuring  3360  yd.,  and  the  count  was  given  according  to  the  number 
of  ounces  the  bunch  weighed.     Most  probably  the  bunch  was  12  hanks 
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of  280  yd.  each.  The  length  of  yarn  was  the  fixed  factor,  the  weight 
the  variant.  It  is  noteworthy  that  this  was  nearly  always  the  first  step 
from  the  table. 

The  spinners  of  Sowerby  Bridge  and  district  based  their  calcula- 
tions upon  the  dram  as  the  weight  unit,  and  80  yd.  as  the  length  unit. 
The  system  might  have  little  more  than  a  local  significance,  were  it 
not  the  crudest  form  of  the  measure  which  has  since  become  the  most 
general  standard  in  wool-yarn  measurements.  If  we  take  it  that  the 
reel  was  i  yd.  in  circumference,  and  80  rounds  the  Sowerby  Bridge 
hank,  we  find  it  merely  stopping  at  the  smaller  units,  both  in  weight 
and  length,  of  the  system  we  regard  as  the  standard  in  wool  yarns. 

The  spinners  in  the  Scottish  Border  towns  adopt  the  cut  of  300 
yd,  as  the  length  unit;  but  the  weight  unit  of  Galashiels  is  24  oz. 
and  the  weight  unit  of  Hawick  is  26  oz.  These  weight  units  are 
purely  arbitrary,  and  have  no  origin  beyond  the  caprice  of  the  manu- 
facturers in  those  towns.  No.  i  count  in  Galashiels  is  300  yd.  of 
yarn  weighing  24  oz. ;  the  same  count  in  Hawick  weighs  2  oz.  more. 
Nothing  else  can  be  said;   the  fact  stands  so. 

American  woollen  spinners  have  formed  systems  of  their  own,  some 
evidently  based  on  the  various  systems  of  this  country,  and  others  as 
plainly  devised  on  the  spot.  In  certain  districts  the  Stirling  system, 
with  its  oldfashioned  table,  has  been  adopted;  but  the  most  prevalent 
is  the  run  system,  which  has  no  counterpart  on  this  side  of  the  Atlantic. 
The  unit  of  the  run  is  100  yd.,  and  the  weight  unit  is  i  oz.  In  this 
system  you  can  see  at  a  glance  the  relative  values  of  the  various 
counts.  Given  that  1  oz.  of  yarn  is  500  yd.  in  length,  then  it  is  5  s 
count;  by  taking  away  the  ciphers  from  the  number  of  yards  you 
get  the  count. 

Another  American  measure  is  the  grain  system,  which  seems  to  be 
a  reminiscence  of  the  West  of  England  system.  In  it  the  length  unit 
is  20  yd.,  and  the  weight  unit  the  grain.  Here  the  constant  factor 
is  the  length,  and  the  variable  factor  the  weight.  20  yd.  of  yarn, 
weighing  15  gr.,  is  denominated  15  s  count.  The  heavier  the  yarn 
the  higher  the  count.  Our  habit,  therefore,  of  speaking  of  fine  yarns 
as  high  counts  is  not  universally  warranted. 

Both  in  this  country  and  in  America  there  are  many  systems  we 
have  not  mentioned.  We  have  carefully  selected  only  those  which 
have  some  historical  connection  or  those  which  are  too  widely  used 
to  be  ignored.  The  device  of  inventing  a  private  system  of  yarn 
measurement  has  been  adopted  by  many  yarn  spinners;   but  we  con- 
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fess  that,  so  far  as  we  can  see,  the  practice  is  childish  and  absurd. 
In  old  times,  when  education  was  not  so  general,  and  textile  analysis 
was  hardly  considered  seriously,  spinners  might  derive  some  advan- 
tage from  private  systems  of  yarn  measurements,  especially  if  they 
wove  their  own  yarns;  but  any  spinner  or  weaver  can  take  any  yarn 
and  find  its  real  weight  to  length,  and  express  the  measure  in  his 
own  terms.  The  device  may  be  useful  as  a  kind  of  trade  mark,  to 
prevent  imitation ;  but  in  that  case  the  spinner  must  let  his  customers 
and  buyers  into  the  secret,  and  what  is  known  on  the  market  may 
as  well  be  published  in  the  newspapers. 

Standard  Counts  of  Wool  Yarns. — Most  manufacturers  are  agreed 
that  a  standard  system  of  measurement  of  wool  yarns  should  be 
adopted.  In  practical  fact  such  a  standard  does  exist,  and  is  the 
measure  applied  in  the  market  to  all  classes  of  wool  yarns.  The 
standard  hank  is  560  yd.  in  length,  and  the  counts  are  determined 
by  the  number  of  such  hanks  in  i  lb.  The  most  powerful  promoter 
of  the  universal  standard  has  been  the  mechanical  reel.  The  hand 
reel  could  be  easily  adjusted  to  any  width  and  run  to  any  number  of 
turns  resolved  upon;  but  it  is  more  economical  to  buy  a  reel  which 
is  being  made  by  the  hundred  than  to  order  a  set  of  special  reels  of 
a  special  size  for  oneself.  The  common  wool-yarn  reel  is  i  yd.  in 
circumference;  the  stop  motion  and  shift  motion  generally  accepted 
are  operative  at  80  revolutions  of  the  reel ;  the  machine  stops  auto- 
matically when  7  leas,  snaps,  raps,  cuts,  or  skeins  have  been  wound. 
Mechanical,  automatic,  and  otherwise  up-to-date,  this  method  departs 
very  little  from  the  practice  which  was  becoming  general  in  the  worsted 
trade  while  the  hand  reel  was  in  use.  The  reel  was  adjusted  so  that 
a  spring  was  let  off  when  80  revolutions  of  the  reel  had  been  run, 
warning  the  hand  reeler  to  shift  the  guide  and  lay  the  yarn  on  another 
part  of  the  reel,  lest  the  thickness  wound  on  the  reel  should  consider- 
ably lengthen  the  rounds  of  yarn  laid  on.  Seven  times  the  rap,  snap, 
leas,  or  cut  was  repeated,  and  the  hank  made.  The  spinner  tried 
to  get  as  large  a  hank  as  possible,  and  no  more  than  7  leas  of 
woollen  or  worsted  yarns  could  be  safely  worked.  The  machinists 
had  no  difficulty  in  making  that  reel  automatic,  and  thus  it  has 
become  the  standard. 

Yarn  spinners  may  please  their  fancies  by  inventing  special 
systems  of  counts  for  themselves;  but  the  yarns  they  spin  are  judged 
by  the  common  standard.  All  authorities  agree,  as  we  have  said, 
in  calculating  the  spinning  qualities  of  wools   by  the  length  unit  of 
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560  yd.  combined  with  the  weight  unit  of  i  lb.  The  number  of 
hanks  in  the  pound  is  the  count  of  the  yarn. 

Cotton  Counts. — In  Great  Britain  the  manufacture  of  cotton  is  a 
purely  industrial  enterprise,  engaged  in  for  profit.  Flax  and  wool 
spinning  have  grown  up  to  supply  the  wants  of  the  people,  and 
belong  to  the  social  economy  of  the  nation.  The  raw  material  of 
these  branches  of  textile  manufacture  may  all  be  produced  by  native 
culture:  the  foundation  of  both  linen  and  woollen  manufacture  was 
the  native  growth  of  both  flax  and  wool.  Spontaneous  growths,  so 
to  speak,  developed  to  supply  personal  and  local  needs,  those  indus- 
tries were  carried  on  for  centuries  in  very  leisurely,  uneconomic 
ways.  Where  the  land  was  poor,  the  spinning  and  cloth  manu- 
facture was  rude;  where  the  land  was  rich,  the  people  spun  and 
wove  with  joy  and  interest.  The  origin  and  early  conditions  of 
cotton  manufacture  were,  as  we  say,  altogether  different.  The  raw 
material  was  not,  and  never  can  be,  produced  from  the  soil.  No 
native  need  called  cotton  spinning  into  being;  it  originated  as  a 
purely  commercial  enterprise,  the  object  of  which  was  profit.  Certain 
wool  spinners  and  weavers  of  fustians  in  Manchester  recognized  in 
cotton  a  raw  material  cheaper  than  wool,  and  more  suitable  for  light 
garments.  They  utilized  the  vegetable  wool  in  various  ways  and 
found  it  answer  the  demands  upon  it.  On  all  sides  cotton  manu- 
facture originated  in  adventure.  For  that  reason  the  operations  were 
more  directly  pointed  to  the  productive  end  and  restricted  by 
economic  considerations  than  any  industry  then  existing  in  this 
country.  Starting  with  such  advantages,  the  cotton -spinning  in- 
dustry was  organic  and  uniform  from  the  first,  and  developed  on 
regular  lines.  Methods  of  measurement,  machines,  tools,  processes, 
and  crafts  were  readily  made  general.  There  were  occasional  aber- 
rations, of  course,  but  the  mass  of  the  trade  developed  uniformly. 
Therefore  the  cotton  counts  system  has  practically  no  history;  it 
came  into  being  in  the  same  form  as  it  has  to-day  and  was  gene- 
rally accepted. 

Having  ready  to  hand  the  wool-reeling  frame  and  the  method  of 
building  up  hanks,  the  cotton  spinners  enlarged  the  reel,  but  other- 
wise accepted  the  wool  system  totally.  Cotton  being  a  lighter  and 
thinner  yarn  than  any  of  the  wool  spun  at  that  time,  the  workers 
ventured  on  using  a  larger  reel.  The  standard  cotton  reel  was  made 
54  in.  in  circumference,  and  the  lea  or  cut  was  80  revolutions;  7 
cuts  made  up  the  hank;    the  unit  of  weight  was  i   lb.     So  we  now 
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have  it:  the  hank  is  840  yd.  long  and  the  number  of  hanks  in  i  lb. 
is  the  number  of  the  count.  In  the  early  days  50  hanks  in  i  lb.,  and 
therefore  50s  count,  was  considered  fine;  to-day  no  yarn  is  con- 
sidered fine  below  160  s  count,  and  spinners  often  make  hanks  400 
of  which  only  weigh   i  lb. 

The  cotton  system  of  yarn  measurement  is  not  perfect;  the  unit 
of  weight  is  arbitrary  and  the  length  unit  has  no  scientific  basis; 
but  the  system  is  universal,  easily  understood,  and  practical.  In 
various  ways,  as  we  have  more  than  hinted,  the  hank  system  is 
evaded,  and  further  developments  are  rapidly  taking  form.  To  these 
we  call  attention  in  the  proper  place. 

Spun  Silk. — The  first  to  utilize  waste  silks  were  the  cotton  spinners. 
Tusseh-silk  spinning,  the  invention  of  Lord  Masham,  came  a  long 
while  after.  Having  already  the  cotton  reel  and  the  hank  of  840  yd., 
the  spinners  of  waste  silks  adopted  the  counts  to  which  they  had  been 
accustomed.  One  difference  only  was  introduced,  and  that  was  in  the 
doubled  yarns.  Cotton  yarns  combined  in  doubling  are  denominated 
by  the  counts  of  the  yarns  doubled.  Say  that  two  yarns,  each  iocs 
counts,  are  doubled,  the  doubled  yarn  is  50  s  counts,  or  nearly,  and 
is  labelled  2/100  s,  or  simply  twofold  100  s.  In  spun  silk,  on  the 
contrary,  doubled  yarns  of  80  s  counts,  are  called  40  s  doubled, 
written  40/2. 

Counts  of  Thrown  Silks. — Old  records  tell  us  vaguely  that  silk 
was  weighed  like  gold  and  other  precious  metals.  The  valuable 
material  was  never  treated  as  a  common  commodity;  the  yarn  tables 
of  other  fibres  were  apparently  deemed  too  coarse  for  measuring  the 
wonderful  product  of  the  mulberry  caterpillar.  In  the  oldest  system 
of  silk-yarn  measurement  weight  and  length  are  combined,  just  as 
in  the  most  modern  systems  of  counts.  The  weight  unit  was  called 
a  denier^  and  the  length  unit  was  "400  revolutions  of  a  special 
reel ",  according  to  an  authority  quoted  by  many  writers.  Those 
two  entities,  though  practically  used  in  the  silk  factories  of  Europe, 
have  given  rise  to  much  speculation.  "  What  is  probably  the  oldest 
of  these  systems,"  says  a  writer,  "known  as  the  'Denier'  scale, 
seems  to  be  a  somewhat  doubtful  quantity,  or  rather  there  are  differ- 
ences of  opinion  as  to  the  value  of  the  denier  and  the  length  of  the 
hank.  The  value  of  the  denier  has  been  variously  described  as  '  20 
of  which  are  equal  to  16^  gr.',  as  '32  deniers  to  i  dr.',  and  Dr.  Ure 
says  he  understood  the  denier  to  be  equal  to  0.693  of  an  English 
grain,  but  upon  testing  a  denier  weight,   he  found  it  to  be  equal  to 
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0.825  gr.  I  am  credibly  informed  that  an  acknowledged  authority 
— the  London  Silk  Conditioning  House  —  gives  the  weight  of  the 
denier  at  533!^,  equal  to  i  oz.  avoirdupois.  On  the  basis  of  20  deniers 
equal  to  16J  gr.  the  value  of  the  weight  would  be  0.825  gr.  On  the 
basis  of  32  denier  to  i  dr.,  it  would  be  0.854  gr.;  and  on  the  basis 
of  the  Silk  Conditioning  House,  it  would  be  0.8203  gr.  Then,  with 
respect  to  the  length  of  the  hank,  it  has  been  variously  expressed  as 
'  generally  400  revolutions  of  a  reel  made  for  the  purpose ',  and  as 
'about  400  yd.'.  The  Silk  Conditioning  House  gives  it  as  400 
French  ells,  or  equal  to  520  yd.  This  agrees  with  the  basis  actually 
in  use  in  some  districts." 

The  origin  of  those  difficulties  is  not  far  to  seek.  The  custom  in 
many  primitive  communities  was  to  use  a  coin  for  a  weight,  it  being 
supposed  that  the  coins  of  the  realm  would  all  be  of  the  same  weight. 
Up  till  a  recent  date,  certain  coins  were  employed  in  the  country 
districts  of  Germany  for  weighing  small  quantities  of  silk.  The  old 
French  coin  named  the  denier  was  a  very  small  piece  of  silver,  value 
the  twelfth  part  of  a  sou.  It  is  quite  conceivable,  and  more  than 
probable,  that  the  weights  of  those  coins  varied  considerably  at 
different  periods  or  in  different  localities.  Having  weighed  two  of 
these  coins,  we  have  found  that  Dr.  Ure's  experiment  brought  him 
within  a  short  distance  of  the  truth,  and  that  the  statement  now 
generally  accepted  that  the  weight  gives  **20  to  i6|  gr."  is  very 
nearly  correct. 

Referring  to  length,  we  find  a  similar  explanation  of  the  mystery 
surrounding  it.  The  reels  formerly  employed  by  the  silk  throwers 
were  designed  to  be  i  ell  in  circumference,  equal  to  46!  in.  of  our 
measure.  400  revolutions  of  that  reel  would  give  520  yd.  But  the 
reel  is  usually  a  very  flexible  machine,  and  might  easily  be  narrowed 
or  widened;  or  the  size  of  the  reels  might  very  readily  vary  with 
people  unaccustomed  to  regarding  exactness  of  measurement  as  a 
necessary  industrial  virtue.  The  conclusion  of  the  whole  matter  is 
this.  Those  firms  which  employ  the  denier  system  follow  a  traditional 
practice,  having  weight  and  measures  of  a  purely  arbitrary  character, 
but  of  fixed  and  uniform  value,  known  and  appreciated  by  the  buyers 
of  their  yarns. 

Two  systems  have  been  introduced  into  the  silk  trade  which  have 
the  merit  of  being  stated  in  terms  of  ordinary  weights  and  measures. 
In  both  the  length  unit  is  1000  yd.,  and  in  the  one  the  weight  unit 
is  the  dram,  while  that  of  the  other  is  the  ounce. 
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The  methods  of  computation  are  opposite,  however,  and  the  point 
needs  further  explanation.  No.  i  count  means  that  1000  yd.  weighs 
I  oz.,  in  the  latter  system;  10,000  yd.  per  ounce  is  10  s  count;  and 
so  on,  the  number  of  thousand  yards  indicating  the  count. 

The  dram  system  makes  the  length  the  fixed  unit,  and  the  weight 
the  variable  one.  No.  i  count  is  1000  yd.  weighing  i  dr. ;  No.  5  count 
is  a  hank  weighing  5  dr.  From  this  the  spinners  speak  of  i-dr.,  2-dr., 
5-dr.,  and  upwards  silk.  The  latter  system  is  founded  on  a  fact  which 
marks  silk  out  among  textile  yarns.  The  heavier  the  silk  the  higher 
the  count;  but  we  also  know  that  the  heavier  the  yarn  the  higher  the 
quality.  A  5-dr.  silk  is  of  better  quality  than  a  3-dr.  silk.  In  general, 
the  greater  weight  indicates  greater  thickness  of  yarn,  and  that  simply 
means  that  a  larger  number  of  fine  filaments  are  contained.  There 
are,  of  course,  various  qualities  of  silks;  some  are  finer  than  others; 
but  even  thickness  of  filament  of  the  cocoon  does  not  necessarily  imply 
coarseness,  and  very  often  signifies  superior  richness.  Taken  on  the 
whole,  therefore,  the  dram  system  supplies  a  fairly  accurate  index  of 
the  relative  values  of  the  silks. 

Summary  of  the  Various  Counts  Systems  at  Present  in  General 
Use. — The  total  absence  of  uniformity  or  even  correspondence  between 
the  various  systems  of  yarn  measurements  is  flagrantly  obvious.  Not 
only  do  fibres  differ,  but  various  districts  employ  different  counts  for 
valuing  yarns  of  the  same  kind  and  quality.  The  latter  evil  is  being 
gradually  eliminated  by  the  pressure  of  the  market,  and  we  might 
safely  leave  the  same  power  to  finish  the  process  of  reform,  if  that 
were  all.  Fifty  years  ago  the  idea  that  every  fibre  should  have  its 
own  system  of  counts,  uniform  and  general  throughout  the  whole 
trade,  seemed  a  desirable  and  right  thing;  the  sole  grievance  then 
felt  was  the  different  standards  of  measurements  adopted  by  spinners 
of  the  same  yarns.  In  wool  spinning  this  was  specially  felt.  But 
textile  manufacture  has  approximated  to  unity  during  that  period  in 
a  manner  formerly  unexpected.  No  manufacturer  can  afford  to  ignore 
the  conditions  prevailing  in  any  branch  of  textile  manufacture.  The 
silk  thrower  has  an  interest,  it  may  be  sinister,  in  jute  spinning;  the 
worsted  spinner  has  a  direct  interest  in  the  latter  fibre,  because  it 
often  plays  a  part  in  furnishing  warps  for  certain  fabrics  in  which 
the  heavier  worsteds  are  wefts.  Linen,  cotton,  woollen,  worsted,  silk, 
and  spun  silk  are  all  intimately  connected  and  intermixed,  and  the 
absence  of  a  common  measure  has  become  very  irksome.  The  present 
chaos  is  exemplified  in  the  tables  following: — 
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Table  of  Textile  Yarn  Measurements 


Yarn. 

System. 

Unit  of  Length. 

Unit  of  Weig-ht. 

1 

Cotton 

General... 

840  yd. 

I  lb. 

Spun  silk 

,, 

) )      > ) 

>  J 

Worsted 

, , 

560    ,, 

)  > 

Woollen 

Standard 

j>      ) ) 

J  > 

Yorkshire  skein 

I    ,, 

I  dr. 

West  of  England 

20    ,, 

I  oz. 

Dewsbury 

I    )> 

5  J 

Cumberland  bunch 

3»36o  ,, 

No.  of  oz. 

Sowerby  Bridge 

80  ,, 

No.  of  dr. 

Galashiels 

300  ,, 

24  oz. 

Hawick 

5>          H 

26  ,, 

American  "  run  " 

1,600      ,, 

16  ,, 

"grain"      ... 

50      ,, 

I  gr. 

All  yarns 

Aberdeen 

14,400      ,, 

No.  of  lb. 

)  t 

Stirling... 

11,520      ,, 

241b. 

Linen 

General ... 

300      M 

1   ., 

Jute    ... 

>> 

14,400      ,, 

No.  of  lb. 

Silk    ... 

Denier  ... 

520      ,, 

Deniers 

, ,       ... 

Ounce  scale 

1,000      ,, 

Oz. 

,, 

Dram  scale 

>>            )5 

No.  of  dr. 

Yards  in  i  lb.  of  No.   i  Count  of  Yarns 


Yarns. 

System. 

Yards. 

Cotton 

General    ... 

840 

Spun  silk 

,, 

840 

Worsted 

, ,          ...          ...          — 

560 

Woollen 

Standard 

560 

)> 

Yorkshire  skein  ... 

256 

if 

West  of  England 

320 

>» 

Dewsbury 

16 

j> 

Cumberland  bunch 

53,760 

>> 

Sowerby  Bridge... 

20,480 

J  > 

Galashiels 

200 

>> 

Hawick    ... 

i84i^ 

)> 

American  "  run  " 

1,600 

J  > 

,,          "grain" 

350,000 

All  yarns 

Aberdeen 

14,400 

' ' 

Stirling     ... 

480 

Linen  ... 

General    ... 

300 

Jute      ... 

,, 

14,400 

Silk      ... 

Denier 

4,437,3331 

, , 

Ounce  scale 

16,000 

>) 

Dram  scale 

256,000 

YARN    MEASURES 


33 


To  find  a  common  measure  in  that  series  of  standards  is  not 
possible,  because  the  factors  change  places  in  several  instances. 
There  are  various  methods  of  testing  this.  Take,  for  example,  count 
No.   I,  and  show  the  number  of  yards  of  each  in  i  lb.     (See  p.  32.) 

If  the  systems  of  textile-yarn  counts  were  all  based  on  one  principle, 
it  would  be  easy,  after  ascertaining  No.  i  counts,  to  discover  every 
other  by  simply  using  the  number  of  the  count  desired  as  a  multiplier. 
To  show  how  far  this  is  from  the  fact,  we  adduce  a  table  of  20  s  counts 
in  the  various  yarns. 


Yards  per  Pound  in  20  s  Counts  of  Yarns 


Yarn. 

System. 

Yards  per  Pound. 

Cotton 

General     ... 

1 6, 800 

Spun  silk 
Worsted 

, ,           ...          ...          ... 

16,800 
11,200 

Woollen 

Standard... 

1 1 , 200 

Yorkshire  skein  ... 

5.110 

West  of  England 

6,400 

Dewsbury 

320 

Cumberland  bunch 

2,688 

Sowerby  Bridge... 
Galashiels 

1,024 
4,000 

Hawick    ... 
American  "  run  " 

3>692t% 
32,000 

All  yarns 

,, 
Linen  ... 

,,          "grain" 
Aberdeen 
Stirling     ... 
General    ... 

i7>5oo 

720 

19,600 

6,000 

Jute      

Silk      

, ,           ...          ...          ... 

Denier  scale 

720 
22i,866| 

1000  yd.  per  ounce 
,,          ,,        dram 

320,000 
12,800 

The  variations  in  the  number  of  yards  of  20  s  counts  of  yarns  are 
wide  enough  to  employ  quick  calculators  for  a  long  time,  and  that 
is  not  desirable  in  a  practical  business.  Another  method  of  com- 
parison yet  remains  to  be  tried.  By  taking  a  definite  length  of  yarn 
of  a  given  fibre,  we  may  try  to  find  what  counts  it  will  give  in  other 
yarns  and  on  other  systems.  For  the  purpose  we  select  i  lb.  of  20  s 
worsted. 
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Yarn 

System. 

Count. 

Worsted 

General     ... 

20 

Woollen 

,, 

20 

Yorkshire  skein  ... 

43l 

West  of  England 

35I 

Dewsbury 

700 

Cumberland  bunch 

4l 

Sowerby  Bridge... 

1.828 

Galashiels 

56 

Hawick     ... 

6of 

American  "  run  " 

7 

„          "grain" 

31I 

Cotton 

General    ... 

13^ 

Spun  silk 

>> 

i3i 

General 

Aberdeen 

Weight!    .lb. 
of  yarn  j    ' 

>> 

Stirling     ... 

233- 

Linen  ... 

General    ... 

37^ 

Jute      

,, 

of  yarn  J    ' 

Silk      

Denier 

408 

, , 

looo  yd.  per  ounce 

•7 

>  >         ...         ... 

,,         ,,       dram 

22.857 

The  differences  between  the  various  systems  of  yarn  measurement 
are  recurrent  and  irreconcilable.  By  no  method  are  we  able  to  obtain 
a  factor  common  to  all  from  which  to  work.  In  consequence,  the 
textile  worker  is  reduced  to  the  necessity  of  bringing  each  count 
to  yards  or  pounds  before  beginning  his  calculations.  Professor 
Beaumont,  in  his  book  on  Wool  Manufacture^  has  given  a  set  of 
examples  which  are  helpful,  and  illustrate  clearly  the  methods  to  be 
adopted. 

Examples  of  Counts  Calculations 


System. 

Counts. 

Yards  in  i  lb. 

Worsted 

2/60  s 

2/60  S    =    30  S  X  560    =    16,800 

Cotton 

2/80  s 

2/80  s   =   40  s  X  840   =    33,600 

Silk       

80/2 

80/2   =   80s  X  840  =   67,200 

Woollen  skein 

20 

20  sks.    =    20  X  16  X  16   =    5120 

,,       snap 

3ioz- 

3j  oz.    =    320  X  16  -f  3I   =    1463 

,,       counts 

15s 

^5s   =    15  X  320  =   4800 

,,       cuts 

22 

22   =    22  X  300  X  16  ^  24   =   4400  (Galashiels) 

,,       cuts 

16 

16   =    16  X  300  X  16  -=-  26   =    2954  (Hawick) 

"run" 

4i 

4J   =   4I  X  1600  =   7200 

,,     "grain" 

30 

30  =   7000  X  50  -^  30   =    11,666 

Linen     

30 

30  =   30  X  300  =   gooo 

French 

20,000 

20,000  =  20,000  X  39.37  X  256  -=r  564  X  36  =  9927 
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If  the  arithmetical  difficulty  were  all,  we  should  not  consider  the 
divergences  among  systems  of  yarn  measurements  as  of  grave  im- 
portance. Textile  manufacture  is  a  practical  business,  and  difficul- 
ties which  seem  formidable  in  the  mass,  and  to  the  outside  observer, 
come  to  the  worker  in  small  details,  which  constant  repetition  dwindles 
to  insignificance.  For  the  man  who  is  untroubled  about  the  dis- 
crepancies and  accepts  them  as  part  of  his  daily  work,  our  tables  are 
meant  to  be  useful  as  printed  references,  just  as  the  Ready  Reckoner 
serves  the  clerk  or  accountant.  But  our  criticisms  of  the  tables  have 
a  much  larger  and  more  important  bearing.  In  the  world  markets 
British  manufacturers  can  compete  successfully  with  any  rival  under 
equal  conditions ;  but,  handicapped  by  terms  and  measurements  which 
are  intelligible  only  to  a  few,  their  chances  of  success  are  lessened. 
Many  of  our  foreign  customers  use  the  metric  system  of  weight  and 
measurement,  and  they  will  only  take  the  trouble  to  translate  our 
counts  and  weights  and  measures  into  their  own  system  so  long  as 
no  competing  firm  offers  them  goods  of  equal  value  made  up  in 
terms  to  which  they  are  accustomed.  Moreover,  foreign  trade  is 
dwarfed  by  comparison  with  our  home  trade,  which  would  be  greatly 
helped  by  simpler  and  more  rational  methods  of  measurement.  The 
obstacles  to  the  unity  of  textile  manufacture  are  many;  specialization 
may  long  be  necessary  for  the  full  development  of  the  various  branches ; 
but  most  of  the  machines  and  methods  employed  in  the  cotton,  wool, 
flax,  hemp,  jute,  and  ramie  industries  are  common  to  them  all.  With 
a  degree  of  approximation  which  is  bound  to  come,  the  spinner  of  jute 
might  also  understand  and  work  flax-spinning  machinery,  the  cotton 
worker  pass  without  much  trouble  into  the  wool  factory.  In  the 
higher  grades  of  employment  this  unity  could  be  even  more  readily 
practicable.  Spinning  masters,  designers,  mill  managers,  and  others 
might  make  the  whole  of  textile  manufacture  their  province  but  for 
those  divergences  in  detail,  of  which  yarn  measurement  is  one  among 
the  most  important.  Organization  of  the  textile  industries  on  a  com- 
mon scientific  basis  is  necessary  for  the  highest  efficiency,  prosperity, 
and  economical  operation  of  each  one  and  all.  The  economy  of  a 
common  financial  basis  for  branches  of  textile  manufacture  so  diverse 
as  fustians  and  linens,  worsteds  and  silks,  has  been  conspicuously 
demonstrated  in  several  instances,  and  further  developments  in  the 
same  direction  are  constantly  taking  place.  Though  capital  may  be 
turned  into  any  channel  and  combined  with  facility,  it  has  not  hitherto 
appeared  beyond  dispute  that  the  commercial  interests  of  the  different 
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fibres  are  identical.  The  most  poignant  struggle  in  textile  history 
has  been  the  competition  of  flax  with  cotton ;  in  several  fields  of 
supply,  cotton,  wool,  and  spun  silk  rival  each  other. 

Revolution  of  the  Counts  Systems. — Many  advisers  of  the  textile 
industries  have  urged  revolutionary  change  in  the  systems  of  yarn 
measurements;  but,  for  reasons  indicated,  we  have  no  hope  of  such 
a  revolution  taking  place  through  the  voluntary  action  of  the  manu- 
facturers. Were  we  proposing  a  complete  overturning  of  all  existing 
systems,  we  should  go  back  to  the  very  basis  of  the  whole  structure  of 
yarn  measurement.  Length  was  the  sole  measurement  in  the  early 
days  of  textile  spinning.  The  comparison  of  weight  was  between  the 
quantity  of  raw  fibre  and  the  length  of  yarn  into  which  it  could  be 
spun.  One  spinner  would  boast  of  having  got  so  many  spyndles  of 
yarn  from  a  pound,  or  so  many  pounds,  of  wool ;  and  another  would 
try  to  cap  the  boast.  Naturally,  if  a  spinner  could  obtain  14,400  yd. 
from  I  lb.  of  wool,  her  yarn  would  be  finer  than  the  yarn  of  a  spinner 
who  got  only  7000  yd.  from  the  same  weight  of  wool.  But  the  ques- 
tion of  waste  also  entered  into  this  calculation  ;  the  half  spyndle  of  yarn 
might  not  be  twice  as  coarse  as  the  yarn  of  the  whole  spyndle;  it  is 
probable  that  the  spinner  of  the  half  spyndle  could  never  have  obtained 
a  spyndle  from  a  pound  of  wool,  no  matter  how  finely  she  might  try  to 
spin.  The  contest  was  between  the  spinning  abilities  of  two  persons, 
the  one  able  to  save  every  fibre  and  the  other  wasteful.  When  fineness 
of  yarns  came  to  be  considered,  therefore,  a  more  certain  method  of 
comparison  was  required,  and  the  yarns  were  weighed  after  being  spun. 
Weight  to  length  thus  became  the  measure  of  yarns. 

To  break  away  from  tradition  and  customary  practice  we  must  find 
some  substitute  for  the  measures  employed.  It  is  not  enough  for  us  to 
suggest  the  substitution  of  one  set  of  measurements  for  another.  That 
is  a  partial  reform,  the  benefit  of  which  may  be  considerable  or  other- 
wise. The  proposed  substitution  of  the  French  metric  system  for  our 
common  weights  and  measures  has  been  strongly  urged,  and  with  some 
good  reason  ;  but  to  speak  of  lengths  in  terms  of  metres,  and  weights  in 
terms  of  grammes  takes  us  but  a  little  way  on  the  road  to  revolution. 
What  we  want  is  a  standard  of  weight  to  length  to  which  all  kinds  and 
classes  of  yarns  can  be  graded.  In  the  world  of  finance  gold  is  the 
standard  of  value ;  prices  are  stated  in  terms  of  gold.  The  prices  of 
gold  ultimately  determine  the  prices  of  all  common  commodities.  Silk 
is  to  textiles  what  gold  is  to  metals.  Can  we  find  units  of  weight  and 
length  in  silk  which  will  answer  the  purposes  of  a  standard?     Fine  silk 
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singles  is  the  very  finest  of  all  threads.  No  thread  can  be  spun  finer, 
and  certainly  no  yarn  finer  can  be  woven.  On  this  account  alone  it 
might  be  regarded  as  the  standard.  Given  that  i  km.  of  singles 
weighs  I  eg.,  it  would  be  easy  to  grade  all  yarns  either  by  a  varying 
weight  unit  or  a  varying  length  unit,  whichever  might  seem  the  more 
convenient.  In  such  a  standard  table  the  varying  weight  unit  would 
be  least  likely  to  cause  trouble.  Take,  for  an  extreme  example,  400  s 
count  cotton.  Roughly  speaking,  this  count  would  come  out  at  i^ 
count.  On  the  other  hand,  jute,  which  gives  400  yd.  to  the  pound, 
would,  on  the  same  system,  come  out  as  about  700  s  count.  It  would 
be  easy,  on  such  a  system,  to  grade  all  kinds  and  classes  of  yarns. 
Some  counts  of  linen  and  jute  would  cross,  and  counts  of  worsteds 
and  cottons  would  range  parallel,  as  they  do  now.  But  this  would  be  a 
distinct  advantage.  You  could  understand  at  once  the  relations  of  the 
two  yarns  without  calculation.  20  s  count  of  cotton  would  equal  20  s 
count  of  worsted  in  weight  and  bulk.  The  single  letters  c.  or  w.,  as 
the  case  might  be,  would  distinguish  the  one  from  the  other. 

In  sketching  this  theoretical  proposal  we  have  studiously  kept  to 
the  most  general  terms  available,  because  the  idea  alone  is  to  be  taken, 
not  any  particular  application  of  it.  The  lack  of  a  standard  yarn  has 
been  at  the  root  of  all  the  difficulties  in  the  adjustment  of  textile 
measurements.  Silk  is  the  highest  and  finest  of  all  yarns;  in  its 
finest  form  it  could  be  accepted  as  a  fixed  standard  by  all  spinners. 
Once  the  standard  was  set,  and  governed  by  the  metric  system,  half 
the  difficulties  in  textile  calculations  would  vanish.  Yarns  of  the 
different  fibres  could  be  combined  with  accuracy  and  certainty. 

Metric  Counts. — Some  firms  who  export  yarns  largely  have  already 
adopted  the  metric  system  of  counts ;  that  is  to  say,  they  translate  the 
common  counts  into  metric  weights  and  measures.  Mr.  Howard  Priest- 
man,  in  Prificiples  of  Worsted  Spinfiing^  argues  at  considerable  length 
for  this  simple  reform.  He  gives  the  accompanying  useful  table  of 
worsted  metric  counts  (see  p.  38). 

"To  find  the  number  of  metres  in  a  kilogram,  multiply  English 
counts  by  560  by  2.014,  or  1127.84,  say  1128." 

We  have  already  remarked  that  this  takes  us  but  a  little  way,  but 
it  might  well  be  asked,  how  far?  Perhaps  we  may  find  that  even  that 
short  way  is  not  to  be  accomplished  in  a  very  short  time.  It  is  wise, 
therefore,  to  try  to  estimate  the  effect  the  adoption  of  the  metric  system 
by  the  whole  textile  trade  would  have.  Looked  at  from  this  stand- 
point, we  see  a  change  which  would  be  at  once  considerable  and  highly 
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beneficial.  If  every  different  counts  system  were  translated  into  metric 
terms,  we  should  have  a  series  of  figures  which  would  express  the 
relative  values  of  all  the  counts  directly.  No  matter  what  the  system 
may  be,  whether  the  unit  of  weight  be  ounces,  drams,  grains,  or 
pounds,  or  the  unit  of  length  be  i  yd.,  20  yd.,  or  14,400  yd.,  it  would 
be  possible  to  bring  the  lengths  to  metres  and  the  weights  to  grammes. 
A  difficulty  would  remain ;  the  absence  of  a  common  standard  of  counts 
would  entail  confusion.  For  example,  if  60s  count  woollen  yarn  is 
equal  to  67s  and  a  fraction  count  in  the  metric  system,  60s  count  of 
cotton  equals  101.57  s  count  expressed  in  terms  of  metres.  In  the 
other  counts,  such  as  those  of  Galashiels  and  Hawick,  the  linen  and 
jute  counts,  and  all  the  others,  the  changes  effected  would  be  most 
confusing  for  a  time.  It  is  true  that  we  thus  obtain  a  common  deno- 
mination for  all  yarns,  and  that  is  our  ultimate  aim ;  but  the  opponents 
of  innovation  might  well  reply  that  we  may  now  reduce  any  count  to 
pounds  and  yards,  and  accomplish  the  same  object,  by  measures  with 
which  everyone  is  already  familiar. 

After  all  is  said,  the  fact  remains  that  yarn  measurement  is  part  of 
each  spinning  system.  Spinners  and  reelers,  spinning  masters  and 
designers,  have  acquired  the  habit  of  dealing  with  those  counts  intel- 
ligently. They  know  almost  instinctively  what  a  50  s  woollen,  or  a 
45  s  cotton,  or  a  4-lb.  linen  amounts  to.  In  the  Lancashire  towns,  in 
the  West  Riding  of  Yorkshire,  in  the  Tweed  valley,  in  the  city  of 
Dundee,  and  Dunfermline  town,  the  children  know  what  a  count  of 
yarn    means   to   their   parents.      It   is   against    no    blind  conservatism 
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reformers  of  the  systems  of  yarn  measurement  have  to  contend,  but 
against  an  industrial  asset,  a  habit  of  mind  bred  in  the  operatives 
which  is  of  value  both  to  themselves  and  to  the  industry  which  employs 
them. 

Lines  of  Immediate  Change. — According  to  skilled  observers  the 
lines  of  change  seem  to  point  in  the  direction  of  the  cotton  system 
becoming  the  dominant  one.  The  standard  count  of  560  yd.  to  the 
pound  is  sweeping  aside  the  local  counts  in  both  woollens  and  worsteds. 
Some  woollen  manufacturers  have  adopted  the  cotton  size  of  reel,  and 
with  it  the  cotton  system  of  counts.  Economy  counsels  that  course, 
because  we  can  obtain  a  length  of  840  yd.  for  the  same  labour  as 
yields  560  yd.  Further,  the  54-in.  reel  need  not  present  any  great 
obstacle  to  the  linen  reelers;  for  fine  yarns  especially  it  offers  distinct 
advantages.  In  other  respects,  cotton  and  linen  are  so  much  alike  that 
no  great  change  is  involved  in  the  adoption  of  the  cotton  system  of 
counts.  Perhaps  some  slight  modification  of  the  cotton  system  may 
also  be  found  advisable,  and  the  alteration  is  almost  certain  to  be  in  the 
direction  of  simplification.  The  adoption  of  the  metric  system  by  the 
cotton  trade,  and  the  adjustment  of  the  size  of  the  reel  to  the  metre, 
would  do  more  to  hasten  reform  than  any  other  means  conceivable. 
Once  the  cotton  system  of  counts  had  been  made  the  standard  for 
the  whole  textile  spinning  trade,  other  steps  would  be  taken  towards 
setting  up  a  standard  which  would  rule  all  yarns  on  a  definite  and 
scientific  basis. 


CHAPTER   XI 
Winding 


Superseding  the  Reeler  and  Winder. — Large  quantities  of  yarns 
never  take  the  form  of  hanks.  If  the  spinner  is  also  a  weaver,  the 
spun  warp  and  weft  yarns  are  taken  from  the  frames  and  sent  along 
to  that  department  which  stands  between  the  weaving  shed  and  the 
spinning  flat.  In  many  cases  the  weft  has  been  wound  into  weaving 
cops  ready  for  the  weaver.  Tentatively  at  first,  but  with  increasing 
confidence,  the  weaver  has  accepted  solid  cops  or  paper-core  cops 
for  the  shuttle.  Latterly  the  machinists  have  built  ring  and  throstle 
frames  which  wind  weft  on  to  paper  cops  for  the  same  purpose.  In 
warps  also  steps  have  been  taken  for  superseding  the  winder,  though 
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not  to  the  same  extent.  Plain  calicoes  and  fancy  woollens  may  be 
warped  from  the  mule  cops,  and  for  opposite  reasons.  The  calico- 
warping  machine  is  so  finely  adjusted,  and  so  wonderfully  accurate  and 
swift  in  operation,  that  it  only  needs  a  bank  of  mule  cops,  constantly 
renewed,  to  keep  it  going.  The  bank  is  accessible  at  every  moment. 
Fancy  woollens,  on  the  contrary,  are  warped  by  hand  on  the  woof  and 
creel,  and  afford  ample  opportunity  for  renewing  the  cops;  when  one 
is  exhausted,  it  is  replaced  by  another  without  much  trouble.  Large 
warp  bobbins  effect  saving  of  time  on  every  other  kind  of  warping 
machine,  and  therefore  the  winder  finds  work. 

Warping  is  a  large  subject,  to  which  we  must  give  ample  attention, 
but  weft  should  be  considered  first.  The  question  may  be  asked :  Why 
are  not  all  wefts  wound  for  the  shuttle  at  the  same  time  as  they  are 
spun?  The  reasons  are  numerous,  and  only  the  principal  among  them 
can  be  noted.  Weaving  shuttles  cannot  contain  a  very  large  cop  or 
spool,  and  if  the  spinner  were  restricted  to  the  size  of  the  weaving  cop 
he  would  have  much  labour  in  doffing,  especially  when  working  on 
heavy  yarns.  A  mule  cop  can  carry  3000  yd.  of  40s  count  of  cotton; 
but  the  same  spindle  could  only  contain  a  fourth  of  that  amount  of  10  s 
count.  On  the  ring  frame,  spinning  cotton  low  counts,  or  worsteds, 
or  linens,  the  difficulty  would  be  even  greater;  it  does  not  take  very 
much  worsted  of,  say,  15  s  count  to  fill  up  all  the  space  available 
in  a  shuttle.  The  fewer  and  shorter  stops  we  have  on  a  spinning 
frame  the  more  economical  will  the  operation  be.  Deeply  imbued 
with  that  notion,  spinners  have  sought  to  make  the  bobbins  or  cops 
on  the  spinning  frames  as  large  as  possible.  Under  various  circum- 
stances it  has  been  found  more  economical  to  wind  on  to  the  largest 
size  of  bobbin  practicable  on  the  spinning  frame,  and  to  employ 
winding  machines  for  the  weft  spooling. 

Another  factor  is  the  form  of  weft  spools.  The  firm  and  solid  cop 
is  the  ideal,  but  it  is  not  always  practicable.  For  many  looms  the  pirn 
or  spool  is  absolutely  essential.  It  is  curious  to  note  that  the  latest 
American  invention,  the  Northrop  loom,  requires  a  solid  wooden  spool. 
The  relatively  small  length  of  yarn  which  this  pirn  can  carry  renders 
its  use  on  the  spinning  frame  rather  uneconomical.  The  number  of 
doffings  per  hour  is  very  considerable,  and  may  be  almost  said  to 
raise  the  cost  of  spinning  to  equal  the  added  cost  of  separate  winding. 

Reasons  yets  more  subtle  and  potent  maintain  the  position  of  the 
winder  in  the  factory.  Not  seldom,  in  the  textile  factory,  the  bold 
innovator,  confident  in  his  theory,  has  come  up  against  facts  for  which 
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he  could  give  no  account,  but  which  effectually  stopped  him.  In  many- 
cases  the  practice  of  separate  weft  winding  seems,  on  the  face  of  things, 
to  be  a  mere  survival  owing  to  conservative  prejudice;  but,  as  a  rule, 
solid  experience  lies  behind  the  practice.  Quality  has  to  be  taken  into 
account,  for  instance,  and  wefts  which  have  been  reeled  into  hanks  and 
wound  on  to  spools  or  pirns  are  tested  in  a  manner  no  weft  directly 
spooled  for  weaving  can  be.  The  average  weaver  has  more  confidence 
in  cops  made  on  the  winding  frame.  We  rightly  pride  ourselves  on 
the  automatic  perfection  of  our  machines,  but  automatism  does  not 
often  make  for  quality  in  textile  manufacture. 

Again,  there  are  some  processes  of  yarn  preparation  to  be  con- 
sidered. Not  every  yarn  is  ready  for  weaving  as  soon  as  it  has  been 
spun.  There  are  fabrics  which  require  bleached,  dyed,  dressed,  and 
otherwise  prepared  yarns.  Though  these  were  spooled  into  the  most 
shapely  and  regular  cops  on  the  spinning  frame,  they  would  be  un- 
wound and  treated,  then  wound  again.  Some  yarns  are  bleached  and 
dyed  in  the  cop,  it  is  true,  but  the  most  common  practice  is  to  wind 
specially  for  these  processes. 

Perhaps  the  strongest  defences  of  the  reelers  and  winders  are  the 
weaving  factories  and  the  practice  of  using  a  variety  of  yarns  greater 
than  can  be  economically  spun  in  one  factory  under  present  conditions. 
There  is  no  reason  why  spinning  should  be  exclusively  carried  on  by 
one  firm  and  weaving  by  another,  excepting  that  they  have  happened 
to  take  up  those  lines  of  business.  A  man  who  has  specialized  as  a 
spinner  starts  producing  for  himself,  and  naturally  keeps  his  energies 
confined  to  the  line  he  thoroughly  understands.  More  frequently  a 
very  able  weaver  finds  himself  in  the  position  of  being  prepared  tO' 
establish  a  small  weaving  factory  of  his  own.  He  does  not  attempt 
to  spin  yarns  for  himself,  because  he  requires  a  variety  of  yarns,  but 
buys  from  those  who  have  already  proved  their  ability  in  the  business, 
and  they  are  very  glad  to  get  his  custom.  Haphazard  and  full  of 
anomalies,  this  method  has  built  up  the  fabric  of  British  textile  manu- 
facture, evoking  skill  in  all  directions,  and  training  the  ablest  spinners 
and  weavers  in  the  modern  world.  The  trust,  the  syndicate,  and  the 
company  are  gradually  eliminating  the  individual  manufacturer  and 
effecting  a  closer  system  of  organization ;  but,  if  progress  is  to  be 
maintained,  some  means  of  enlisting  the  interest  of  the  able  minds  in 
the  industry  must  be  added. 

The  Preparation  of  Yarns. — In  the  process  of  doubling,  as  we  have 
seen,  some  yarns  are  wetted;    linen  yarns  are  always  spun  wet;   and 
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others  are  damped  for 
various  objects.  Cottons 
designed  for  fine  hosiery, 
laces,  and  musHns  must  be 
cleared  of  all  flying  fila- 
ments, and  therefore  gassed ; 
certain  of  the  harder  fibres 
require  to  be  softened  for 
various  uses.  Though  par- 
tially applied,  these  pro- 
cesses are  significant,  and 
explain  the  differences  be- 
tween one  class  of  yarn  and 
another  when  the  qualities 
seem  to  be  the  same. 

Hank  Drying-.  —  The 
variety  of  places  thought 
good  enough  in  the  old  days 
for  drying  hanks  of  woollen, 
worsted,  cotton,  hemp,  linen, 
and  other  yarns  would  strike 
one  with  amazement  if  even 
a  tithe  of  them  could  be  de- 
scribed. Now,  however,  this 
operation  has  been  brought 
into  uniformity.  Any  kind 
of  hank  may  be  dried  on 
any  one  of  the  drying  ma- 
chines placed  at  the  disposal 
of  textile  manufacturers  by 
an  energetic  crowd  of  ma- 
chinists. Representative, 
but  by  no  means  alone,  is 
Messrs.  Whiteley's  cool-air 
hank-drying  machine.  We 
do  not  put  it  forward  as  of 
supreme  merit,  but  simply 
as  the  one  with  which  we 
are  most  familiar.  It  is 
thus  described: — 
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"  This  machine  consists  of  suitably  designed  framework  for  receiving 
and  carrying  a  number  of  sticks  or  rollers  filled  with  hanks.  In  front 
of  the  machine  is  a  lever  which  grips  a  stick  or  roller  in  the  centre,  and 
is  capable  of  being  drawn  out  of  the  machine  in  order  that  the  wet 
hanks  may  be  placed  in  position  upon  it.  When  full,  the  lever  and 
stick  or  roller  are  pushed  into  the  machine.  This  operation  sets  the 
mechanism  in  motion,  and  releases  the  filled  roller  from  the  lever. 
A  pair  of  slides  then  take  hold  of  the  said  stick  at  the  ends  and  lift  it 
on  to  a  fixed  bar,  which  runs  the  length  of  the  machine,  and  at  the 
same  time  another  stick  or  roller  is  lifted  into  the  front  lever  and  the 
machine  stopped  automatically,  until  it  has  been  withdrawn,  emptied, 
and  recharged  with  wet  hanks,  when  it  is  pushed  back  into  position  by 
the  said  lever  and  the  machine  thus  set  in  motion  again.  For  each  one 
filled,  those  on  the  top  bar  are  traversed — by  means  of  a  reciprocating 
bar — one  stage  nearer  the  back  of  the  machine,  where  another  pair  of 
slides  lower  them  down  on  the  bottom  bar,  and  in  turn  they  are  carried 
to  the  front  of  the  machine  and  finally  placed  into  the  lever  to  be 
emptied  of  dry  and  filled  with  wet  hanks.  The  drying  is  accomplished 
by  means  of  a  powerful  exhaust  fan,  or  fans,  which  draw  the  air  over  a 
series  of  steam-heating  pipes  through  the  hanks,  and  is  returned  to  the 
bottom  of  the  machine,  thus  using  the  reheated  air  and  causing  a  large 
current  of  air  to  be  continually  passing  through  the  hanks  at  the  least 
cost  in  steam.  The  attendant  stands  outside  the  drying  chamber,  and 
is  exposed  to  no  heat  whatever.  The  movement  of  the  machine  is 
purely  automatic,  it  not  being  necessary  for  the  attendant  to  handle  the 
sticks  or  rollers  at  all." 

Gassing. — This  operation  is  touched  upon  elsewhere,  but  it  can 
best  be  studied  thoroughly  at  this  point,  because  uncomplicated  by 
other  considerations.  At  the  same  time,  however,  we  have  no  inten- 
tion of  merely  viewing  a  gassing  jet  working;  that  would  be  un- 
profitable and  lacking  in  interest.  As  it  happens,  one  of  the  earliest 
gassing  frames  was  also  a  very  important  frame  in  the  history  of 
winding.  Though  long  superseded,  this  machine  is  a  very  epitome 
of  all  the  ideas  contained  in  the  most  improved  winding  frames. 
Where  possible,  it  is  always  advisable  to  study  the  crude  beginnings 
of  mechanical  contrivances  and  to  compare  them  with  the  most 
improved  forms. 

The  structure  of  the  gassing  machine  consisted  of  two  end  frames 
connected  by  four  wooden  rails  stretching  along  the  top  and  two  other 
beams  lower  down  upon  the  sides  of  the  framing.     Alongside  of  these 
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lower  beams  the  driving  shaft  of  the  machine  was  hung  on  the  sides 
of  the  frames,  the  ends  of  the  shaft  coming  out  on  both  sides,  and 
holding  each  a  threefold  pulley  from  which  extended  the  belt  driving 
the  drum-cylinder  shafts  on  the  head  of  the  machine.  These  shafts 
extended  the  whole  length  of  the  machine,  one  on  each  side,  and  upon 
them  were  fixed  the  drum  cylinders  or  pulleys,  which  by  friction  gave 
motion  to  the  winding-on  bobbins.  We  should  call  these  cylinders 
nowadays  friction  drums.     The  threefold  pulleys  on  the  ends  of  the 


Fig.  196. — Gassing  Machine  :  Front  View 

At  e'  and  m'  the  bobbins  and  gas  jets  are  shown  thrown  out  of  position.  o  is  a  rod,  actuated  by  the  heart 
wheel  p  and  the  lever  Q,  which  guides  the  thread  on  to  the  bobbins  ee.  r  is  a  weight  attached  to  a  cord  or  chain 
running  over  the  pulley  s  keeping  the  lever  Q  in  contact  with  p.     T  and  v  are  the  driving  pulleys. 


driving  and  driven  shafts  enabled  the  speeds  of  the  winding-on  friction 
drums  to  be  varied  according  to  need.  Hung  loosely  on  a  stud  at  the 
end  of  a  lever,  but  resting  on  the  friction  drums,  the  bobbins  derived 
their  motion  wholly  from  the  drums.  Above  the  bobbins  were  a  series 
of  guides  fixed  on  a  guide  bar,  the  function  of  which  was  to  move  in 
a  traverse  sufficient  to  carry  the  thread  over  the  whole  length  of  the 
bobbin  barrel.  The  guide  bar  was  governed  by  a  set  of  simple  devices. 
At  intervals  on  the  frame  small  rollers,  weighted  down  by  a  band 
hanging  down  to  which  a  block  of  iron  was  attached,  held  the  bar 
in  place,  while  permitting  it  to  move  freely  in  a  horizontal  direction. 
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Into  a  slot  on  the  head  of  a  lever,  the  lower  end  of  which  was  held  by 
a  short  bracket  in  the  side  of  the  frame,  a  stud  on  the  end  of  the  guide 
bar  was  set;  projecting  from  the  lever  was  a  small  wheel  or  bowl, 
resting  against  the  side  of  a  heart-shaped  cam.  The  end  of  the  drum 
shaft  opposite  the  pulleys  was  a  small  worm  screw,  and  this  worked 
into  a  toothed  wheel,  to  which  was  fixed  the  heart  cam.  The  revolu- 
tion of  the  worm  shaft  caused  the  wheel  to  turn,  and  with  it  the  heart 
cam ;  the  bowl  of  the  lever,  following  always  the  sides  of  the  turning 


Fig.  197. — Gassing  Machine  :  Section 


A,  Bobbin.  B,  Glass  guide  rod.  c,  Slotted  lever  through  which  the  thread  passes.  DD,  Adjustable 
rollers.  E,  Winding-on  bobbin  actuated  by  friction  with  the  driving  pulley  F.  G,  Starting  lever,  which  when 
depressed  throws  the  pin  H  into  the  nick  i  of  the  lever  c,  and  by  means  of  the  bell  crank  k  and  fork  L  throws 
the  gas  jet  M  into  position.  When  a  knot  catches  the  lever  c  it  jerks  the  pin  H  out  of  the  nick  i,  causing  the 
handle  G  and  with  it  the  bobbin  E  to  rise  out  of  contact  with  F,  and  at  the  same  time  by  means  of  the  crank  K 
throws  the  gas  jet  away  from  the  thread. 


cam,  naturally  took  on  an  eccentric  motion,  which  it  imparted  to  the 
lever;  the  guide  bar,  having  its  end  fixed  in  the  slot  of  the  lever, 
received  the  to-and-fro  motion  required  for  traversing  the  length  of 
the  bobbin. 

Upon  the  wooden  bars,  which  traversed  the  frame  from  end  to  end, 
small  rollers  were  fixed  in  sliding  vertical  grooves,  which  permitted 
them  to  be  elevated  or  lowered ;  between  them,  coming  up  through  slits 
in  an  iron  sheet,  were  the  gas  jets.  These  rollers  acted  as  conductors  of 
the  yarns  through  the  gas  jets,  and  could  be  moved  up  or  down  accord- 
ing to  the  intensity  of  heat  the  yarns  needed. 
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At  the  other  side  of  the  frame,  on  a  spindle  carried  in  a  bolster  and 
footstep,  was  the  bobbin  from  which  the  yarn  to  be  gassed  was  wound. 
Between  the  bobbin  and  the  first  guide  roller  was  a  glass-peg  yarn 
conductor,  and  next  to  it  a  slit  lever,  the  main  purpose  of  which  was 
to  clean  the  yarn,  but  with  another  function  to  be  noted  hereafter. 

The  singeing  mechanism  claims  attention  first.  Through  the  whole 
frame  ran  two  gas  pipes,  one  for  each  side  of  the  double  frame,  con- 
nected at  their  ends  with  the  gas  mains  of  the  factory.     At  the  proper 
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Fig.  198. — Gassing  Machine :  End  View 
For  references,  see  figs.  196,  197.     The  details  repeat  at  the  opposite  end. 

intervals  double-jointed  tubes  sprang  out  from  both  pipes  and  stood 
upright  in  the  midst  of  the  machine,  a  row  of  gas  jets  at  each  side. 
Near  the  head  of  each  gas  tube  a  forked  lever  enclosed  it,  and  the 
other  end  of  the  lever  was  connected  with  the  great  lever  which 
governed  the  whole  frame. 

This  lever  seems  to  have  been  the  original  combined  stop  motion 
among  cotton -factory  machines.  Its  numerous  functions  and  parts 
were  rather  complex.  The  main  lever  was  a  long  iron  bar  extending 
from  the  front  to  the  back  of  the  frame,  where  the  end  came  upon  a 
stout  wooden  rest.  Near  the  end  was  a  stud  which  locked  into  a  notch 
in  the  lower  end  of  the  split  lever  before  mentioned.  Further  along 
was  a  long  slot  into  which  the  curved  end  of  the  fork  lever  controlling 
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the  gas  tube  projected.  At  the  fulcrum  of  the  lever,  coming  down  from 
the  strong  wooden  frame,  another  short  lever  came  out,  and  this  lever 
held  the  bobbin  on  its  stud  like  a  bracket,  each  successive  lever,  of 
course,  acting  as  the  complement  of  the  other. 

Every  part  of  the  gassing  frame  acted  in  consonance  with  the  others. 
Let  us  suppose  the  operator  was  about  to  start  working  the  machine, 
and  observe  the  process.  The  bobbin  of  yarn  was  placed  upon  the 
spindle,  and  a  thread  led  through  the  guide,  through  the  slit  of  the 
cleaner,  under  the  one  small  roller,  past  the  gas  jet,  which  is  turned 
aside,  over  the  small  roller  beyond  it,  down  through  the  aperture  in 
the  sliding  guide  bar,  and  on  to  the  bobbin.  At  the  present  moment 
we  must  suppose  the  controlling  lever  up,  and  therefore  out  of  gear. 
Depress  the  handle  of  the  lever,  and  by  that  act  you  bring  the  lever 
holding  the  bobbin  down,  the  bobbin  now  resting  upon  the  friction 
drum,  which  is  started  by  putting  on  the  driving  belt.  The  longi- 
tudinal slot  beyond  the  fulcrum  of  the  lever  turns  the  fork  lever  and 
brings  the  gas  tube  into  position.  The  stud  holds  the  end  of  the  lever 
up,  being  connected  with  the  strong  bracket  coming  down  from  the 
second  traverse  bar  of  the  frame. 

Working  thus,  the  thread  is  wound  off  the  bobbin,  passed  through 
the  jet  of  flame,  and  wound  on  to  the  other  bobbin.  The  glass  rod  in 
front  carries  the  yarn  forward;  the  split  end  of  the  lever  just  adjoin- 
ing cleans  it;  the  gas  flame  takes  away  all  the  flying  filaments;  the 
guide  bar  conducts  it  properly  on  to  the  whole  barrel  of  the  bobbin; 
the  bobbin  winds  it  on  regularly. 

Suppose,  however,  that  a  knot  or  other  obstacle  comes  on  to  the 
split  end  of  the  small  lever,  and  see  what  happens.  The  lower  end 
of  the  lever  comes  away,  withdrawing  the  notch  on  the  stud  near  the 
end  of  the  lever,  and  thus  letting  the  latter  drop  down.  The  bar  rest 
catches  it  and  saves  it  from  falling  down  altogether,  but  the  depression 
is  sufficient  to  throw  the  whole  frame  out  of  working  gear.  The  long 
slot  in  the  middle  of  the  lever  acts  on  the  end  of  the  curved  fork  lever, 
and  turns  the  gas  tube  aside,  taking  it  away  from  the  yarn ;  elevation 
of  the  lever  at  the  handle  lifts  the  part  holding  the  bobbin  and  brings 
it  out  of  contact  with  the  friction  drum.  Thus  warned,  the  operator 
mends  the  broken  or  stopped  thread,  lifts  the  lever  into  position,  and 
starts  the  machine  again. 

We  need  scarcely  point  to  the  defects  of  the  ingenious  frame,  for 
it  has  long  been  superseded.  We  rather  think  about  the  many  sugges- 
tions of  better  machines  which  it  contains.     Here  we  have  the  friction 
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drum  driving  the  bobbins,  the  heart  cam  acting  on  the  traverse  yarn 
guide,  and  the  stop  motion  of  the  short  lever.  These  were  valuable 
hints,  and  have  been  of  immense  service  to  textile  machine  makers. 

The  effect  of  gassing  on  the  yarns  is  very  great.  Yarns  which 
had  a  fuzzy,  soft,  dull  appearance  before  are  clear,  smooth,  and  clean. 
More  remarkable  is  the  effect  on  the  grade  of  the  yarns.  A  yarn  of 
90  s  count  comes  from  the  gassing  machine  5  counts  higher,  or  even 

more. 

Softening  Flax 
and  Hemp  Yarns. — A 
characteristic  feature 
of  all  bast  fibres  is 
the  amount  of  gummy 
matter  they  contain. 
After  being  prepared 
and  spun,  both  flax 
and  hemp  retain  so 
much  gummy  matter  as 
makes  them  hard  and 
brittle.  Boiling  is  the 
method  by  which  that 
defect  is  best  remedied ; 
but  boiling  acts  on  the 
quality  of  the  yarns, 
reducing  them  in  bulk 
and  strength.  The  ex- 
periment of  reverting 
to  the  breaking  method 
by  which  the  fibres  are 
brought  into  condition  was  tried  with  good  results,  and  now  a  large 
proportion  of  the  yarns  are  softened  dry.  Several  kinds  of  machines 
have  been  invented  for  this  purpose;  but  the  simplest,  and  one  of  the 
most  effective,  is  that  of  Jennings.  The  common  form  of  this  softening 
machine  is  a  small  double  frame.  On  both  sides  of  the  machine  are 
two  pairs  of  rollers,  the  upper  one  of  each  pair  concave,  and  the  lower 
one  convex,  the  latter  being  fixed  and  driven  directly,  while  the  former 
is  movable.  Weights  on  the  end  of  a  lever  control  and  produce  the 
pressure  of  the  upper  roller  of  each  pair;  attached  to  the  lever  is  a 
treadle,  with  which  the  operator  brings  down  the  pressure.  The  hanks 
are  laid   in  between  the  two  rollers.      By  the  reciprocal  action  of  the 


Fig.  199. — Yarn  Softening  Machine  (Thos.  Jennings  &  Sons,  Leeds) 
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pair,  while  revolving,  the  fibres  of  the  yarns  are  pressed  and  broken 
with  an  elastic  motion,  and  effectually  softened. 

Conditioning-  Silks. — All  the  time  raw  silk  is  being  thrown  it  is 
covered  with  the  natural  gum  and  shows  dull  and  lustreless.  Formerly 
the  first  thing  the  weaver  did  was  to  bring  his  silk  yarns  into  what 
he  called  ''condition".  Alternatively,  it  was  the  last  act  of  the  silk 
thrower  or  spinner;  but  neither  practice  is  universal  at  present.  If 
the  yarns  are  to  be  dyed,  conditioning  is  absolutely  essential,  because 
the  gum  is  an  effectual  bar  to  the  dye.  For  patterned  silks  dyed  yarns 
are  required;  but  large  bales  of  silks  are  woven  in  one  colour,  and 
may  be  dyed  as  cloth.  In  fact,  the  very  highest  qualities  of  silk  cloths 
are  woven  in  the  natural  colour  and  then  dyed.  It  is  much  easier  to 
weave  raw  silk  than  degummed  silk.  For  these  reasons  the  practice 
has  become  varied,  and  it  must  be  said  that  silk  is  not  always  subjected 
to  the  conditioning  process  in  the  factory.  Conditioning  proper  is  the 
work  of  the  bleacher  and  a  preliminary  of  dyeing  both  in  the  yarn  and 
the  piece.  Sometimes,  however,  the  spinner  requires  to  condition  his 
silks. 

The  process  itself  is  very  simple,  but  requires  experienced  skill  in 
the  operator.  A  boiling  liquor,  of  soap,  carbonate  of  soda,  and  water, 
is  prepared  in  a  special  boiler,  and  the  hanks  of  silk  hung  on  sticks 
immersed^  in  the  liquor  for  a  period  varying  from  twenty  to  forty 
minutes.  Taken  from  the  liquor,  the  hanks  are  laid  in  a  hydro- 
extractor  and  freed  from  the  moisture  by  centrifugal  motion.  Next, 
the  hanks  are  tied  to  prevent  them  tangling,  and  put  into  bags,  which 
are  immersed  and  steeped  for  several  hours  in  pure  soap  and  water, 
almost  boiling.  Last,  the  silks  are  washed  clear  of  the  soap  and 
other  detergents  in  clean  water.  When  dried  in  the  cool-air  drying 
machine,  the  silks  are  found  to  have  lost  between  i^  and  2^  per 
cent  of  weight. 

Cotton  Weft  Winding. — One  of  the  simplest  of  textile  operations, 
winding  takes  so  many  forms  as  to  be  tedious  to  learn  thoroughly. 
We  may  be  called  upon  to  wind  from  cops  on  to  bobbins,  from  bobbins 
on  to  cops;  from  hanks  into  cops,  on  to  pirns  or  bobbins;  and  from 
cops  and  bobbins  on  to  various  forms  of  spool  or  pirn.  Partly  for 
that  reason,  and  partly  because  of  special  patents  of  machinists,  the 
forms  of  frames  are  varied,  though  the  essential  principles  do  not  differ. 
The  whole  purpose  is  to  wind  yarn  from  one  shape  into  another.  The 
chief  requirement  for  such  an  operation  is  a  machine  which  takes  off 
and  winds  on  with  the  utmost  speed  and  regularity,  absence  of  strain 
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on  the  yarn,  and  with  ample  safeguards  for  preventing  and  detecting 
broken  threads. 

Winding  of  weft  hanks  on  to  weaving  pirns  is  the  easiest  opera- 
tion in  this  department;  it  is  little  more  than  a  reversal  of  the  cop 
reeling.  Like  every  other  simple  textile  machine,  this  winder  is  made 
in  numerous  forms.  Suppose  we  select  one  which,  though  not  much 
advertised,   is  still  largely  employed  in  actual  work. 

The  reel  is  at  the  back  of  the  frame,  and  the  pirns  are  fixed  on 
horizontal  spindles  pointing  to  the  front.  On  the  reel  the  hanks,  having 
been  opened  out,  are  stretched,  one,  two,  or  three  hanks  to  the  pirn  or 
spindle,  as  may  be  designed.  From  the  hank  the  thread  is  led  under 
the  needle  stop  motion,  through  the  hook  of  the  guide,  and  on  to  the 
base  of  the  pirn.  Note  that  the  inner  end  of  the  guide  is  connected, 
as  a  kind  of  needle  stop  motion,  to  the  spindle  holding  the  pirn.  It 
has  a  forward  movement  of  its  own,  causing  the  hook  to  run  gradually 
from  the  base  to  the  tip  of  the  pirn ;  but  it  is  also  a  trap  stop.  So  long 
as  the  thread  is  running  through,  the  long  wire,  as  the  guide  really  is, 
remains  horizontal;  when  the  thread  ceases  or  breaks,  it  springs  up 
to  the  vertical,  and  the  connection  of  the  spindle  with  the  drive  is 
broken.  Then,  as  soon  as  the  guide  comes  to  the  tip  of  the  pirn,  it 
passes  itself  out  of  gear  and  the  action  of  winding  ceases.  It  may  be 
asked  whether  the  centrifugal  motion  developed  by  so  large  a  tool  as 
the  reel  does  not  cause  a  jarring  shock  when  the  frame  is  suddenly 
stopped.  It  is  often  necessary  to  stop  the  frame;  but  the  speed  of  the 
reel  is  never  very  great.  Obviously  a  reel  54  in.  in  circumference 
hardly  needs  to  be  driven  a  high  speed  to  fill  a  pirn  which,  when  full, 
is  seldom  more  than  3  in.  in  circumference.  This  slow  speed  of  revolu- 
tion has  enabled  the  makers  of  this  type  of  winding  frame  to  overcome 
a  difficulty  which  has  given  considerable  trouble  on  many  other  frames. 
If  the  speed  ratios  of  a  pirn  and  a  reel  are  always  identical,  the  supply 
of  yarn  must  at  times  be  too  great  and  at  other  times  too  little.  The 
pirn  is  growing  in  circumference  at  one  point  of  its  building,  and  at 
another  point  the  thread  is  being  laid  on  the  bare  pirn.  To  meet 
this  a  differential  motion  of  a  simple  character  has  been  applied  to 
the  reel,  with  the  effect  of  regulating  the  speed  of  the  reel  to  the  demand 
of  the  pirns.  In  most  of  the  improved  reeling  frames  the  differential 
motion  is  applied  to  the  spindles. 

If  required,  this  frame  can  be  employed  to  wind  solid  cops.  The  yarn 
is  wound  on  the  bare  spindle  and  doffed  by  hand.  Of  course  the  stop 
motion  then  takes  the  form  of  a  double  needle  or  drop  needle  stop  motion. 
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A  newer  form  of  frame  is  Piatt's  weft  pirn  winder  (fig.  200).  This 
is  a  double  frame,  and  saves  space  in  the  mill.  The  swifts  holding 
the  hanks  are  very  like  those  of  the  old  silk  reeler,  and  hang  in  front 
near  the  base  of  the  frame.  From  a  horizontal  shaft  the  slender 
spokes  stand  out,  with  knobs  on  their  sides  movable  to  any  size 
of  hank.      Fixed    in    a   footstep  across   the   length   of  the   frame,   the 


Fig.  200. — Weft  Pirn  Winder 


spindles  stand  up  vertically,  the  driving  wharves  receiving  power 
from  the  shaft  or  tin  cylinder  in  the  centre,  through  the  medium  of 
driving  bands.  Above  are  the  bolster  rail  and  lifter  rail.  On  the 
head  of  each  spindle  is  an  iron  cap  for  forming  the  base  of  the 
pirn.  The  yarn  is  carried  over  the  length  of  the  pirn  cone,  or  cop 
cone,  by  the  action  of  the  radial  lifting  motion,  making  a  firm  and 
solid  spool.  A  differential  motion  may  be  applied  to  keep  the  speed 
of  the  reel  carrying  the  hanks  uniform  and  prevent  overrunning;  but 
it  is  not  generally  considered  necessary  for  this  frame. 
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Winding  Worsted  Wefts. — There  is  no  reason  why  cotton  pirn 
winders  should  not  also  serve  the  worsted  trade.  As  a  matter  of 
fact,  the  first  noted  is  often  employed  in  woollen  and  worsted  factories; 
but  the  industry  has  developed  winders  of  its  own,  and  it  must  be 
admitted  that  they  are  excellent  of  their  kind.  Fairly  representative 
of  the  class  is  Whiteley's  bobbin  and  pirn  winding  machine.  On 
this  frame,  instead  of  the  long  spokes  of  the  cotton  cop  reel  and  winder, 
there  is  a  set  of  swifts  or  racers  to  each  spindle.  The  barrels  of  the 
swifts  are  carried  on  adjustable  brackets,  which  stretch  to  any  size  of 
hank.  The  swifts  are  ranged  on  the  breast  of  the  frame,  and  on  the 
head  are  the  rows  of  spindles  holding  the  cops  or  pirns  to  be  filled. 
If  the  yarn  is  to  be  taken  from  cops  or  bobbins,  a  suitable  arrange- 
ment is  made  on  the  base  of  the  frame,  though  it  seems  to  us  that  the 
stretch  is  too  wide,  and  frames  specially  designed  for  the  latter  should 
be  employed  where  possible.  Fitted  with  a  varying  speed  motion  for 
driving  the  pirns,  the  frame  causes  the  yarn  to  be  drawn  at  an  even 
tension,  saving  the  breakages  which  occur  through  irregularity,  and 
producing  firm  and  even  spools.  Another  improvement  claimed  for 
this  frame  is  the  substitution  of  three  cones  running  on  steel  centres, 
instead  of  the  cups  commonly  used,  reducing  the  friction  and  pre- 
venting the  yarns  from  being  rubbed  or  cut.  The  racers  or  swifts  are 
very  light  and  run  freely;  being  extended  at  an  inclination  towards 
the  spindles,  they  yield  up  the  yarns  readily  and  smoothly. 

It  must  not  be  understood,  however,  that  the  winding  frame  de- 
scribed enjoys  a  monopoly  of  the  qualities  desired.  All  the  makers 
of  winding  frames  aim  at  the  same  objects  and  accomplish  them  in 
their  own  ways.  For  instance,  in  what  is  known  as  the  "Cycloid 
Winding  Machine "  some  very  noticeable  improvements  are  intro- 
duced. This  machine  is  made  for  winding  as  many  as  six  ends  at 
the  same  time  on  to  a  bare  spindle,  forming  a  cop.  The  cops  are 
cross-wound  to  avoid  any  possibility  of  tangling  and  waste,  and  secure 
a  uniform  delivery  and  tension  throughout,  thus  preventing  breakages. 
Two  automatic  stop  motions  are  fitted  to  the  frame.  The  one  stop 
acts  as  soon  as  the  cop  has  been  made,  and  may  be  set  to  any  size 
of  cop  or  length  of  yarn ;  the  action  of  the  other  is  on  the  drop- 
needle  principle,  stopping  the  frame  as  soon  as  a  single  thread  breaks, 
and  leaving  an  end  of  sufficient  length  to  piece  up  the  thread.  By 
making  slight  changes  on  the  gearing  of  the  frame,  difi"erent  sizes 
of  cops,  ranging  from  the  smallest  weft  cop,  i  in.  in  diameter,  to 
the  large  cop,  3   in.   in  diameter  and    10  in.  long,  can   be  accurately 
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wound.  Variations  in  the  thickness  of  yarns  are  also  accommo- 
dated. 

The  friction  caused  by  the  cup  and  cop-forming  discs,  to  which 
we  have  referred,  is  a  troublesome  factor  which  winders  would  fain 
eliminate.  Some  of  the  newer  machines,  the  "Cycloid"  among  them, 
have  fallen  back  on  the  older  shape  of  cop  guide,  discarding  the  "cup" 
idea  altogether  and  relying  on  a  special  mechanism.  Those  devices 
obviate  to  a  large  degree  the  glazing,  crushing,  and  cutting  of  the 
yarns  complained  of.  The  test  of  practical  experience,  however,  may 
bring  out  defects  in  those  new  contrivances  which  counterbalance  in 
favour  of  the  others. 

Linen  Weft  Winding". — After  passing  through  the  softening  ma- 
chine, the  hanks  of  linen  weft  are  hung  on  the  swifts  of  the  winding 
frame  and  wound  on  to  weaving  pirns  or  cops.  The  linen  weavers 
prefer  paper  tubes  to  either  the  solid  cop  or  the  wooden  pirn,  thinking 
that  these  combine  the  best  qualities  of  both  wfthout  their  disadvan- 
tages. In  every  particular  the  linen  weft-winding  frames  are  exact 
enlargements  of  the  cotton  weft  pirn  winder,  or  the  still  older  horizontal 
winding  frame,  both  of  which  have  been  described. 

Winding  Cotton  Warp  Bobbins. — The  business  of  the  warper, 
working  with  any  kind  of  fibre,  is  to  lay  a  certain  number  of  twist 
or  warp  threads  of  a  given  length  in  parallel  order  on  a  beam.  In 
order  that  his  work  may  not  be  hindered  by  irregularities  in  the 
supply  of  yarns  or  spoiled  by  bad  delivery,  the  warper  has  all  his 
supply  of  yarns  wound  on  to  bobbins  of  a  certain  size  and  shape, 
or  made  into  cops  or  spools  of  a  suitable  shape.  Though  cops  have 
lately  come  into  use,  and  some  workers  may  be  most  familiar  with 
them,  the  warper's  bobbin  is  known  to  every  textile  worker.  It  is 
peculiar  in  size  and  form — short,  thick,  and  generally  flanged  heavily 
on  both  ends.  For  obvious  reasons,  the  warp  bobbin  was  designed 
to  hold  as  much  yarn  as  could  be  conveniently  handled.  Nowadays 
the  form  of  the  bobbin  does  not  so  much  matter,  and  many  machines 
regulate  their  own  feeding  arrangements. 

Most  of  the  newer  cotton  warp-winding  frames  are  fitted  with 
appliances  to  deal  with  any  size  of  hank,  cop,  or  spool.  The  feed 
creel  is  placed  on  the  front  of  the  machine,  at  the  foot.  The  idea 
mainly  dictating  that  arrangement  is  worth  noting.  Some  trouble 
was  formerly  experienced,  and  is  still  in  some  departments  of  wool 
winding,  in  adjusting  the  giving-off  and  taking-on  bobbins  to  each 
other.     For   a   bobbin    2    in.    in    circumference   to   supply   yarn   to   a 
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bobbin  5  in.  round  means  that  the  former  must  revolve  two  and  a 
half  times  faster  than  the  latter;  then,  further,  the  ratios  of  difference 
between  the  circumferences  of  the  warp  and  twist  bobbins  must  con- 
stantly increase,  with  corresponding  demand  for  increase  of  speed  on 
the  smaller  bobbin.  Say  that  we  expect  the  warp  bobbins  to  run  at  an 
average  rate  of  1500  revolutions  per  minute,  the  speed  ratios  between  an 
empty  twist  bobbin  and  a  warp  bobbin  nearly  full  would  be  about  four 
to  one.  Such  a  speed  entails  much  inconvenience.  The  first  remedy 
which  suggested  itself  was  the  reduction  of  the  speed  of  the  warp 
bobbin  as  it  increased  in  size;  but  this  involved  a  reduction  of  the 
productive  capacity  of  the  winding  frame,  and  it  seemed  rather  strange 
that  the  mere  transference  of  yarns  from  one  kind  of  spool  to  another 
should  require  to  be  done  at  slower  speed  than  the  delivery  of  many 
spinning  operations.  Another  remedy  was  needed,  and  it  was  found  in 
a  very  simple  method,  which,  though  suitable  only  for  cops  or  bobbins 
without  flanges,  in  the  first  instance,  was  of  great  service.  The  yarn 
which  the  action  of  the  loom  draws  from  the  shuttle  and  weaves  into  the 
cloth  is  pulled  over  the  apex  of  a  fixed  spool,  without  ravelling  or 
irregularity  of  any  sort.  It  is  possible  to  imagine  that  the  inventor  of 
the  latter  forms  of  winding  machines  observed  the  fact  and  determined 
to  profit  by  the  principle.  Therefore,  instead  of  continuing  to  draw  the 
yarn  in  a  horizontal  direction  from  a  vertical  spindle  or  bobbin,  he 
drew  straight  from  the  tip  of  the  spool  or  cop,  and  in  the  same  direc- 
tion. Having  demonstrated  the  principle,  it  was  found  easy  to  practise 
with  the  cops  and  warp  bobbins  related  in  any  way  which  might  be 
most  convenient.  Lay  the  yarn  carriers  to  be  unwound  in  a  hori- 
zontal position,  and  draw  off  the  yarn  horizontally;  set  them  vertical 
and  draw  off  the  yarn  vertically.  Nor  need  the  creels  be  adjusted 
to  either  position.  That  is  to  say,  you  can  draw  from  the  ends  of 
vertical  cops  on  to  vertical  bobbins.  A  wire  guide  fixed  above  the 
heads  of  the  cops  being  unwound  acts  as  a  pulley,  drawing  off  the 
yarn  and  turning  it  in  the  direction  of  the  vertical  bobbins.  The 
draft  is  vertical,  though  the  yarn  is  turned  in  a  horizontal  direction. 
On  the  base  of  the  common  warp-bobbin  winding  frame  a  range 
of  cop  skewers  is  set,  upon  which  the  twist  cops  are  fixed  (fig.  202). 
Above  the  skewers  is  the  knee  board,  covered  with  thick  cloth,  to 
regulate  the  tension  and  passage  of  the  yarn.  Next,  on  a  higher  level, 
is  the  guide  rod,  of  glass  or  wire,  and  above  it  the  clearing  brushes. 
Between  the  brushes  and  the  large  warp  bobbins,  seated  on  driven 
spindles,  is   the   lump   detector  and   stop   motion.      The   tin   cylinder 


56 


SPINNING 


behind  the  frame  drives  the  bobbin  spindles  by  means  of  bands  on 
the  wharves.  Controlled  by  a  chain  motion  at  the  side  of  the  frame, 
the  guide  rod  moves  up  and  down  on  the  bobbin  barrel,  evenly 
distributing  the  yarn. 

Improved  winding  frames  of  many  varieties  are  to  be  seen  working 
in  cotton  factories.  Some  have  the  warp  bobbins  working  in  a  hori- 
zontal position,  others  form  cross- wound  cheeses;  some  drive  the 
receiving  bobbins  by  friction,  and  others  drive  them  direct;  but  the 
relative  efficiency  of  each  and  all  is  matter  of  opinion  based  on  personal 


Fig.  202. — Cotton  Warp  Winding  Frame 


experience,  which  is,  of  course,  limited,  and  probably  rather  pre- 
judiced. The  more  important  of  these  were  originally  invented  for 
winding  other  yarns,  and  shall  be  found  noted  in  due  course  under 
their  proper  headings. 

Winding"  Wool  Yarns  for  Warp, — When  winding  for  warp  yarns 
the  wool  worker  adopted  the  easy  plan  of  utilizing  any  kind  of 
spinning  or  twisting  frame,  thinking  that  the  transfer  of  yarn  from 
one  bobbin  to  another  was  hardly  worthy  of  consideration.  But,  like 
his  cotton-working  confrere,  he  soon  found  out  his  mistake,  when  he 
attempted  to  get  high  speed  and  swift  production.  The  large  warp 
bobbin  soon  drew  yarn  from  the  small  spinning-frame  bobbins  at  a 
rate  which  caused  them  to  revolve  at  great  speeds.  The  consequence 
was  strain  and  broken  ends.  Any  good  worsted  warp  yarn  can 
stand  the  strain   of  dragging  round  a  half-empty  bobbin  at  the  rate 
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of  2000  revolutions  per  minute;  but  no  yarn  can  safely  be  subjected 
to  the  task  of  dragging  a  bobbin  round  at  the  rate  of  7000  revolu- 
tions per  minute.  The  cotton  winder  solved  the  problem  in  one  way, 
and  the  wool  winder  solved  it  in  another.  In  the  former  case  the 
direction  of  the  drag  is  changed  by  the  interposition  of  a  wire;  in 
the  latter  the  rate  of  yarn  draft  is  equalized  by  the  use  of  a  drum. 
Both  systems  have  their  advantages  and  demerits.  For  doing  away 
with  drag  altogether  the  cotton  method  is  undoubtedly  the  better. 
Otherwise  the  wool  winders  are  superior. 

Drum  Winders  and  Traverse  Motions. — Hanks,  cops,  or  bobbins 
can  be  wound  on  those  equally.  The  shape  of  the  creel  is  generally 
made  to  suit  any  kind  of  yarn  holder;  only,  it  must  be  understood 
that  most  machines  are  constructed  with  racers  for  hanks,  and  these 
must  be  idle  when  cops  or  bobbins  are  being  wound.  If  possible^ 
the  manufacturer  should  have  frames  designed  for  either  bobbins  or 
hanks  separate.  The  cops  are  more  easily  accommodated  than  bobbins, 
skewers  on  the  footrail  of  the  hank  winder  being  all  that  is  needed. 
The  warp  bobbins  to  be  filled  lie  horizontally  on  the  head  of  the  frame, 
their  barrels  resting  on  the  drums,  which  give  them  motion  by  friction. 
Being  thus  driven  at  uniform  speed,  the  bobbins  take  on  the  same 
amount  of  yarn  whether  full  or  empty;  or  rather,  we  should  put  it 
in  the  opposite  way  and  state  that,  the  speed  of  the  driving  drum 
being  always  the  same,  the  yarn  is  wound  on  the  bobbin  at  a  uniform 
rate.  One  factor  in  the  differentiation  of  speeds  which  constitute  the 
difficulty  of  winding  from  small  bobbins  on  to  large  is  taken  away; 
the  other  remains,  viz.  the  decreasing  size  of  the  giving-off  bobbin. 
As  the  latter  is  lightened  at  the  same  time  as  it  grows  smaller,  the 
increase  of  strain  is  lessened  and  amounts  to  almost  a  negligible 
quantity  (fig.   203). 

In  front  of  each  bobbin  we  find  a  thread  guide,  the  lower  end  of 
which  is  held  by  the  traverse  rail.  On  the  frames  most  commonly 
employed  the  traverse  rail  is  actuated  and  governed  by  a  heart-shaped 
cam  and  lever  at  the  side  of  the  frame.  The  lever  and  cam  are  timed 
to  act  with  the  revolution  of  the  winding  drum,  and  the  thread  is 
carried  steadily  along  the  barrel  of  the  bobbin  at  every  round  of  yarn 
wound  on  moving  the  breadth  of  the  thread. 

Some  slight  discrepancy  occurs,  however,  as  the  bobbin  enlarges, 
and  this  has  not  been  satisfactorily  rectified.  To  remedy  the  defect 
and  at  the  same  time  give  the  bobbin  a  firmer  consistency,  cross 
winding    was    resorted    to.      The    advantages    of  cross    winding    are 
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becoming  more  and  more  appreciated.  For  one  thing,  we  have  the 
choice  of  dispensing  with  warp  bobbins  altogether  if  we  please, 
because  the  cross-wound  cheese  is  perfectly  consistent,  and  will  bear 
any  reasonable  amount  of  rough  handling.  But  when  cross  winding 
was  first  adopted,  it  was  found  impossible  to  maintain  a  high  speed 
on  the  frames.  The  smallest  angle  at  which  cross-wound  yarns  can 
be  safely  laid  on  the  bobbin  is  15  degrees.  Given  that  we  aim  at 
winding    at    the    rate   of    1200   ft.    per    minute,    and    that  the    bobbin 


Fig.  204. — Split-drum  Winder 


barrel  is  5  in.,  this  means  that  the  traverse  rail  must  move  at  the 
rate  of  170  ft.  per  minute  and  reverse  its  action  about  400  times  in 
the  same  period.  With  the  heart-shaped  cam  this  is  quite  impossible. 
An  idea,  applied  in  two  different  ways,  came  in  to  solve  that  difficulty. 
The  one  application  was  the  split  drum,  and  the  other  was  the  split- 
drum  cam.  It  is  to  the  latter  we  draw  attention  at  present  (fig.  204 
and  Plate). 

The  end  of  the  traverse  rail  is  fixed  to  a  lever  by  means  of  a  clasp 
secured  by  a  screw  which  may  be  loosened  and  changed  in  position 
on  the  lever.  The  other  end  of  the  lever  is  a  rocking  bar,  held  by  a 
stud  in  the  middle  of  a  cylinder  cut  obliquely  at  an  angle  of  30  degrees, 
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and  on  the  ends  of  the  rocking  bar,  fixed  to  run  on  the  edge  of  the 
cut  cylinder,  are  two  runners  or  bowls.  The  cylinder,  driven  by  the 
same  shaft  and  revolving  in  the  same  time  as  the  winding  drums, 
describes  an  angle  of  15  degrees  every  half-revolution,  and  shifts  the 
traverse  rail  to  that  extent  in  the  same  time;  next  half-revolution  it 
reverses  the  action  by  the  same  angle  and  again  imparts  the  motion 
to  the  traverse  rail  through  the  lever.  In  other  words,  when  the 
one  bowl  on  the  rocking  lever  is  on  the  highest  side  of  the  cylinder, 
the  traverse  rail  is  drawn  back;  when  the  positions  of  the  bowls  are 
reversed,  the  rail  is  sent  forward.  Being  movable,  the  clasp  holding 
the  traverse  rail  to  the  lever  may  be  shifted  to  give  any  length  of 
stroke  required;  the  nearer  the  end  of  the  lever,  the  longer  the  stroke. 
On  this  cam  there  is  no  jerking  or  concussion,  nothing  more  than  a 
continuous  revolution  of  the  cylinder.  The  fact  that  it  rises  and  falls 
on  the  edge  by  15  degrees  is  what  scientists  would  call  an  accident, 
and  nowise  affects  the  continuity  of  the  movement,  though  designedly 
modifying  the  action  of  the  rocking  lever  geared  upon  it.  A  very 
high  rate  of  production  can  be  obtained  on  winding  frames  fitted 
with  the  cylinder  cam.  That  other  embodiment  of  the  idea,  the  split- 
drum  winder,  is  already  familiar  to  our  readers  and  need  hardly  be 
detailed  again.  Instead  of  the  traverse  motion  being  accomplished 
by  a  rail  and  cam,  the  winding  drum,  split  at  an  angle  of  15  degrees 
all  round,  and  otherwise  a  complete  cylinder,  carries  the  yarn  from  side 
to  side  of  the  bobbin  or  cheese,  cross  v\'inding  it. 

Miscellaneous  Particulars  of  Weft  and  Warp  Winding-.  —  The 
machines  described  would  amply  suffice  to  cover  all  the  needs  of 
winders  of  every  kind  of  warp  and  weft.  For  the  sake  of  unifying 
the  whole  of  textile  manufacture  we  might  wish  them  fewer.  In  the 
present  condition  of  human  affairs,  however,  the  wish  is  impossible. 
We  have  not  arrived  at  perfection,  and  operations  which  engage  the 
energies  and  faculties  of  highly  intelligent  men  and  women  every 
day  must  undergo  gradual  modification  and  improvement.  In  every 
branch  of  textile  manufacture  workers,  masters,  and  machine  makers  are 
all  bent  on  finding  the  easiest  and  handiest  ways  of  effecting  the  pur- 
poses of  their  labours.  For  processes  so  simple  as  winding  weft  and 
warp  cops  or  bobbins  it  would  be  easy  to  select  one  or  two  sets  of 
machines  which  would  serve  every  kind  of  yarn ;  but  even  if  we  started 
afresh  to-morrow  with  one  machine  each  for  weft  and  warp  winding, 
capable  of  dealing  efficiendy  with  cotton,  silk,  woollen,  worsted,  linen, 
hemp,   jute,    and    ramie   yarns,    differentiation    would   at   once    begin. 
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Some  excuse  still  remains  for  this,  apart  from  the  perfection  or  im- 
perfection of  the  machines.  The  most  important  examples  are  sup- 
plied by  the  jute  and  linen  trades. 

Doubling  Winding  of  Flax  Weft  and  Warp  Yarns.— We   have 
seen  that  the  practice  of  doubling  winding  without  twist  has  become 
increasingly  acceptable  to  all  spinners.     One  of  the  first  to  begin  the 
practice  was  the  flax-spinning  trade,  especially  that  branch  of  it  which 
supplies      wefts       and 
warps        to        outside 
weavers  and   yarns   to 
spinners  of  fine   ropes 
and       twines.         The 
special   frame   for   this 
work  was  invented  by 
Thomas  Unsworth,   of 
Manchester,     and     the 
structure  of  the  frame 
has  several  features  of 
interest.     On  a  driving 
shaftextending  through 
the  frame  as  many  fric- 
tion drums  as  there  are 
bobbins  to  be  filled  are 
firmly     screwed.         In 
front  of  the  drum,  and 
in    contact   with    it,    is 
another      drum,      and 
above    it    the    bobbin 
brackets,     the     bobbin 
resting  on  the  latter  drum.     Fixed  in  a  kind  of  bracket  at  the  head  of 
the  frame,  a  set  of  porcelain  bowls  or  short  rollers,  one  to  each  bobbin, 
act  as  presser  rollers  on  the  bobbins  as  the  yarn  is  wound  on.     Farther 
out,  and  on  what  we  may  call  the  breast  of  the  frame,  there  are  suc- 
cessive sets  of  drop-needle  guides,   the  set  nearest  the   bobbin  being 
single,  giving  one  to  each  receiving  bobbin,  and  the  set  farther  away 
acting  as   collectors  of  the  five  or  six  yarns  to   be  wound   together, 
being  one  to  each  of  the  bobbins  or  cops  supplying  the  yarns.      A 
glass  guide  rod  intervenes  between  the  two  sets,   and  smoothes  the 
yarns   for  combining   in   the   single   eye   of   the   central    drop- needle 
guide. 


Fig.  205. — Unsworth's  Stop  Motion 

A,  Driving  drum.  B,  Friction  ';Owl  on  frame,  hinged  at  c  and  supported 
by  a  catch  D  on  the  draw  bolt  E.  F,  The  bobbin.  G,  Porcelain  bowl. 
H,  Drop  needle  jointed  at  i.       K,  Rocking  bar. 
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It  is  to  the  stop  motion  (fig.  205),  however,  we  wish  to  attend  spe- 
cially on  this  frame,  because  it  is  a  crude  form  of  the  trap  stop  motion 
so  useful  on  the  worsted  and  other  twisting  frames.  The  drum  which 
drives  the  bobbin  by  friction  is  slung  on  a  lever  extending  forward  to 
where  it  comes  into  contact  with  a  spring  draw  bolt  ending  in  a  cross 
bar,  over  in  front  of  a  rocking  bar  extending  the  whole  length  of  the 
frame.  In  a  vertical  slot  above  the  rocking  bar  is  a  needle,  supported 
in  position  by  the  passage  of  the  thread.  When  a  thread  breaks,  the 
needle  drops  down  in  front  of  the  rocking  bar,  which  drives  it  against 
the  cross  bolt;  the  action  causes  the  cross  bolt  to  lose  hold;  the  spring 
draw  bolt  instantly  moves  back,  withdrawing  the  catch  from  the  end 
of  the  lever  supporting  the  friction  bowl,  and  throwing  the  drum  or 
friction  bowl  out  of  gear.  The  bobbin,  thus  deprived  of  motion, 
ceases  to  wind.  To  every  single  thread  there  is  a  needle,  and  there- 
fore one  broken  thread  is  sufficient  to  stop  operations.  A  traversing 
yarn  rail  carries  the  yarns  evenly  over  the  whole  barrel  of  the  bobbin. 
The  modus  operandi  is  as  follows:  Placing  as  many  bobbins  as  there 
are  yarns  to  be  doubled  in  each  group,  we  lead  the  yarns  over  the 
first  guide  rod  and  one  into  the  eye  of  each  drop-needle  guide,  thence 
over  the  glass  rod,  which  acts  as  a  cleaner,  in  through  the  collecting 
drop-needle  guide,  under  the  porcelain  presser  bowl,  and  on  to  the 
bobbin.  When  all  has  been  made  ready,  the  drive  is  put  on.  The 
shaft  whirls  round  the  drums  upon  its  length,  which,  in  turn,  drive 
the  friction  drums  acting  on  the  bobbins.  When  a  bobbin  fills,  the 
thread  is  broken  and  the  single  drop-needle  falls,  arresting  all  motion ; 
when  a  single  thread  breaks,  its  own  needle  guide  falls  and  stops  the 
action  of  the  friction  bowl.  In  this  way  yarns  for  linen  warps  and 
various  other  purposes  are  wound.  The  doubling-winding  frame  has 
been  found  very  suitable  for  winding  hemp,  jute,  and  ramie  warp 
yarns. 

Jute  Wefts  and  Warps. — In  some  respects  jute  is  very  peculiar, 
resembling  no  other  kind  of  yarn.  Every  other  weft  is  used  in  an 
undressed  state,  and  the  warps  are  dressed  after  being  wound  on  the 
warping  or  weaving  beam.  Jute  wefts,  when  used  undressed,  are 
called  "green",  but  it  is  very  common  to  size  them.  In  that  case 
they  are  passed  through  the  size  or  dressing  bath  before  being  wound 
into  cops**br  on  to  spools.  Warps  are  similarly  treated.  It  is  unneces- 
sary, at  this  stage,  to  detail  the  dressing  operation  for  jute  alone.  All 
yarns  are  dressed  alike,  though  the  materials  and  machines  employed 
differ  considerably. 
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In  former  times  the  jute  weft-winding  operation  was  an  exact  copy, 
on  a  large  scale,  of  the  worsted  pirn  winding;  but  during  the  past 
thirty  years  a  change  has  gradually  been  effected  which  gives  jute 
weft  winding  a  special 
form.  Large  as  the 
shuttles  of  the  jute 
weaver  are,  they  could 
not  contain  a  spool 
which  would  hold  a 
long  length  of  the 
heavy  yarn.  To  pre- 
vent ravelling,  the  pirn 
or  spool  had  to  be  of 
some  bulk.  An  in- 
genious man  solved 
the  difficulty  thus  occa- 
sioned by  boldly  dis- 
pensing with  the  spool 
altogether  and  adopt- 
ing the  solid  cop;  but 
the  cop  required  to  be 
ofa  special  form.  *'The 
yarns  intended  for 
weft ",  says  a  writer, 
*'are  brought  upon  the 
bobbins  from  the  spin- 
ning frame  to  the  cop- 
ping machine.  Being 
placed  on  the  frame, 
the  thread  is  drawn 
from  the  bobbin  and 
passed  through  a 
conical  cap  fixed  upon 
the  extremity  of  an 
oscillating  lever.    The 

thread  is  attached  to  the  winding  spindle,  and  the  oscillating  cap, 
which  is  a  hollow  cone,  traverses  the  thread  in  the  winding  so  as  to 
form  a  cop,  which,  when  doffed,  is  ready  for  the  loom.  The  pecu- 
liarity of  this  cop  is  in  its  construction,  which  enables  it  to  be  used 
from  the  base,  the  yarn  being  drawn  from  its  interior.     This  necessi- 


Fig.  206.— Cop  Machine,  to  wind  from  Bobbins  {Urquhart,  Lindsay  &  Co.) 

A,  Bobbins.  B,  Bobbin  drag,  c.  Stoneware  whorl  carried  on  a  tension  wire. 
D,  Thread  guide.  E,  Cop.  F,  Bevel  wheel  driving  the  spindle  G.  H,  Chilled 
cones.  J,  Starting  pedal.  K,  Guard.  L,  Spring  for  knock-off.  m,  Clutch 
lever.       N,  Clutch  catch. 
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tates  a  peculiar  form  of  shuttle,  which  has  no  peg,  as  ordinarily,  but 
is  prepared  to  receive  the  cop  without,  and  has  the  open  top  closed 
with  a  metallic  plate,  fastened  down  with  a  spring.  By  the  adoption 
of  this  plan  the  production  has  been  increased,  the  quality  improved, 
and  the  cost  lessened." 

It  is  to  be  noted  that  jute  yarns  are  not  wound  into  hanks;  the 
bobbins  are  taken  straight  off  the  spinning  frames  and  wound  into 
cops.  Dressed  wefts  are  simply  transferred  from  spinning  bobbin  to 
dressing  bobbin,  and  then  are  wound. 

Jute  Warp  Yarns. — Very  little  reeling  and  winding  is  done  in  the 
jute  factory.  Being  large,  and  carrying  as  much  yarn  as  any  ordinary 
bobbin,  the  bobbins  of  the  twist  frame  are  placed  on  the  warping  bank 
and  wound  direct  into  warp.  The  little  reeling  and  winding  which  is 
done  in  the  jute  factory  is  caused  by  the  demands  of  manufacturers 
of  other  fabrics  for  jute  yarns.  This  trade  is  rapidly  growing,  and 
the  jute  spinners  may  find  themselves  soon  in  the  position  of  requiring 
to  set  up  special  reeling  and  winding  frames.  There  are  enough, 
machines  on  sale  already,  and  the  jute  industry  has  a  large  choice. 


CHAPTER   XII 

Warping,  Dressing,  and  Beaming 

Warping,  Dressing,  and  Beaming. — Warp  is  the  strength  of  cloth ; 
it  is  the  bone  and  muscle  of  the  body  to  which  weft  is  flesh  and  skin. 
The  threads  of  warp  are  continuous  throughout  the  whole  length  of  a 
web  of  cloth ;  the  weft  threads  run  across  the  breadth.  As  the  weft 
cops  come  from  the  winder,  they  are  ready  for  putting  into  the  shuttle 
of  the  weaver;  but  warp  wound  on  bobbins  would  not  be  of  much  use 
on  the  loom.  Another  process  is  necessary,  comprising  three  opera- 
tions— warping,  dressing,  beaming.  It  is  possible  to  effect  all  three 
operations  on  one  machine,  but  as  a  rule  they  are  performed  sepa- 
rately and  by  different  workmen.  The  warper  draws  the  threads  from 
the  bobbins  and  winds  them  in  regular  and  parallel  order  upon  a  reel 
or  roller,  forming  a  section  of  the  warp.  The  dresser  passes  the  warp 
threads  through  a  solution  of  glutinous  substance,  or  otherwise  clothes 
it  with  the  dressing.  The  beamer  groups  the  sections  of  warp  in  the 
order  prescribed  by  the  nature  and  pattern  of  the  web,  and  winds  them 
on  to  the  weaving  beam,  forming  a  whole  warp. 
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The  formation  of  the  warp  is  curiously  subdivided;  the  warping 
department  is  a  kind  of  debatable  land  lying  between  the  spheres  of 
the  spinner  and  the  weaver.  Some  warps  are  wound  complete  on  to 
the  weaving  beam  by  the  spinner;  others  he  makes  up  into  cheeses 
or  chains,  to  be  dressed  and  beamed  by  the  weaver;  in  many  other 
cases  he  delivers  warp  yarns  in  the  hank.  The  weaver,  on  his  part, 
may  find  it  convenient  to  buy  his  warps  ready  beamed,  in  the  form 
of  chains  or  in  hanks.  There  is  no  rule.  Hence  the  finishing  depart- 
ment of  a  spinning  factory  very  often  closely  resembles  the  preparing 
department  of  a  weaving  factory. 

It  is  not  to  be  supposed  that  the  affinities  of  the  warper  can  be  more 
clearly  defined,  and  all  confusion  obviated,  by  simply  taking  the  whole 
process  of  cloth  manufacture  as  a  unit.  Many  establishments  carry 
through  the  whole  process  from  fibre  to  fabric,  as  everyone  is  aware. 
Mechanical  divisions  and  questions  about  the  carriage  and  packing  of 
beams  and  chains  do  not  enter  here,  it  is  true.  The  warps  pass  steadily 
from  one  machine  to  another,  and  then  on  to  the  beam,  without  inter- 
ruption. But  even  though  both  spinner  and  weaver  stop  at  the  door 
of  the  warp  department,  the  one  to  deliver  the  twist  and  the  other  to 
shoulder  the  full  weaving  beam,  the  crossing  of  interests  subsists.  If 
the  work  is  to  be  well  done,  the  spinner  must  have  spun  as  though  he 
was  to  warp  the  yarn,  and  with  clear  understanding  of  what  is  required. 
To  produce  a  good  warp,  the  worker  must  know  something  of  the 
qualities  of  spinning  on  the  one  hand,  and  the  needs  of  the  weaver  on 
the  other.  The  weaver,  and  specially  the  weaving  designer,  sliould 
be  able  to  warp  and  beam  all  his  own  webs ;  he  should  know  thoroughly 
the  whole  process  to  appreciate  at  once  the  limitations  and  the  possi- 
bilities of  warp  combinations  upon  the  beam. 

At  such  turning-points  in  the  process  as  this  of  warp  treatment,  we 
are  brought  to  realize  the  continuous  and  organic  nature  of  textile 
manufacture ;  from  fibre  to  fabric  is  one  process,  every  part  linked  into 
and  vitally  connected  with  every  other.  The  actual  textile  manufacturer 
is  the  man  who  gathers  certain  fibres,  prepares,  spins,  spools,  warps, 
and  weaves  them  into  a  fabric.  The  cloth  is  before  his  mind  through- 
out, and  the  whole  procession  of  operations  is  shaped  to  the  end.  All 
our  far-spread  preparing,  spinning,  bleaching,  dyeing,  printing,  warp- 
ing, and  weaving  factories,  with  their  numerous  divisions,  operations, 
and  machines,  are  nothing  more  than  the  original  primitive  cloth 
maker  "writ  large". 

A  significant  pointer  in  regard  to  this  matter  of  warping  may  be 
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obtained    by  recalling   the    position    and   function    of  the   "wabster", 
immortalized  by  Burns  in  the  satirical  song,   "Willie  Wastle": 

"Willie  Wastle  dwalt  on  Tweed, 
The  spot  they  ca'd  it  Linkumdoddie. 
Willie  was  a  wabster  guid, 
Could  stown  a  clue  wi'  onie  bodie." 

In  Scottish  towns  where  handloom  weaving  was  the  principal  in- 
dustry there  were  men,  called  "  websters ",  who  did  nothing  else  but 

warp  and  beam  yarns  for 
the  weavers.  In  some  dis- 
tricts they  were  beamers 
merely.  Those  men  were 
generally  recognized  as 
superior  in  intelligence 
and  knowledge  of  their 
craft  to  the  average 
weaver.  The  beamer  was 
the  acknowledged  yarn 
expert  of  the  locality, 
and  his  knowledge  of 
weaving  was  relied  upon 
constantly  and  referred  to 
in  matters  of  difficulty. 

Warping-  by  Hand. — 
The  prime  quality  in  a 
warp  of  any  kind  is  separation  of  every  thread;  it  should  be  possible 
to  lay  each  warp  yarn  on  the  weaving  beam  in  a  straight  line.  Equality 
of  tension  throughout  is  another  essential  quality.  When  it  is  con- 
sidered that  some  warps  contain  90  threads  to  the  inch  and  measure 
2000  yds.  long,  the  difficulty  of  obtaining  those  qualities  will  be  clearly 
apparent.  Other  problems  are  involved,  but  we  shall  confine  attention 
to  the  simple  and  primary  meanwhile. 

Hand  warping  exhibits  the  operation  most  clearly.  Though  machine 
warping  has  been  practised  for  more  than  a  century,  the  tools  of  the 
hand  warper  have  not  been  wholly  discarded.  Many  silk  manufac- 
turers have  nothing  else,  and  the  pattern  weavers  in  cotton,  woollen, 
and  worsted  factories  find  them  very  useful. 

Like  all  hand  tools,  the  appliances  of  the  hand  warper  vary  a  good 
deal  in  form.  Generally  speaking,  however,  the  creel  and  bartrees 
resemble  a  pair  of  wooden  hurdles,   curiously  mounted.      In  woollen 


Fig.  207. — Creel 
A,  Cops  or  bobbins  arranged  according  to  design  to  be  woven. 
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districts  the  bartrees  are  named  the  woof.  The  creel  (fig.  207)  is  formed 
of  a  stout  frame;  two  posts  stand  on  feet,  fitted  with  small  castors; 
joining  the  lower  ends  of  the  posts,  a  flat  board  is  fixed;  other  two  rails 
join  the  posts  at  the  middle  and  near  the  top.  Another  pair  of  rails  are 
held  out  from  the  frame  by  pairs  of  brackets  nailed  on  to  the  outer 
sides  of  the  main  supports,  about  an  inch  below  the  cross  rails.  Under 
each  of  the  latter  a  pair  of  arms  hold  up  a  wire.  On  the  older  creels 
holes  were  drilled  through  the  four  cross  rails  for  the  passage  of  the 
warp  yarns;  but  those  now  in  use  have  each  a  row  of  wire  eyelets 
for  the  same  purpose. 
Upon  the  bottom  board 
there  are  pegs  to  hold 
the  cops  or  bobbins 
filled  with  warp  yarn 
in  two  rows.  Yarns 
from  the  front  row  are 
led  up  through  the  eye- 
lets on  the  lowermost 
cross  rail,  down  under 
the  wire,  and  up 
through  the  eyelet  on 
the  lower  front  rail. 
From  the  back  row  of 
bobbins  the  yarns  are 
similarly  led  through 
the  other  cross  rail, 
wire,  and  front  rail. 
By  these  means  an  im- 
portant distinction  is  made  between  warp  threads  No.  i  and  No.  2. 
The  odd  numbers  are,  in  this  disposition,  in  the  front  row,  and  the 
even  numbers  in  the  back  row.  The  order  may  be  reversed,  if 
necessary. 

Complementary  to  the  creel,  the  bartrees  or  woof  (fig.  208)  takes  on 
the  chain  of  warp  drawn  from  the  bobbins.  Similar  to  the  creel  in 
main  structure,  the  side  posts  of  the  woof  have  their  broadest  sides 
turned  to  the  front.  A  cross  rail  at  top  and  bottom  connects  the  two 
and  forms  the  frame.  On  each  of  the  side  posts  three  or  four  pegs 
are  firmly  fixed,  and  on  the  top  and  bottom  rails  two  long  pegs  are  set. 
With  practical  directness  the  warpers  have  named  those  at  the  side  the 
warp  pins,  the  pegs  on  the  top  rail  the  healding  lease  pins,  and  those 


Fig.  208. — Woof  or  Bartrees 
A,  Healding  lease  pins,      b,  Footing  lease  pins,      c,  Pegs. 
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on  the  bottom  rail  the  footing  lease  pins,  thereby  correctly  describing 
the  functions  of  the  whole  set. 

Few  operations  are  so  simple,  and  so  difficult  to  describe  with  any 
degree  of  clearness,  as  warping.  The  principal  cause  of  the  difficulty 
is  the  relative  importance  of  particular  details  in  every  different  opera- 
tion. General  principles  are  apt  to  be  of  little  significance  in  such 
cases.  It  may  be  said  of  every  warp,  however,  that  it  is  composed 
of  any  given  number  of  threads  laid  parallel  and  in  equal  length 
with  each  other.  The  number  of  threads  is  determined  by  the  breadth 
of  the  web  and  the  number  of  threads  per  inch  of  that  breadth.  A 
stair  carpet,  for  instance,  may  be  i8  in.  wide,  and  contain  lo  threads 
to  the  inch,  making  iSo  warp  threads  in  all;  or  a  fine  calico  may 
be  60  in.  broad,  and  contain  80  threads  in  the  inch,  making  4800 
threads  in  all;  but  both  are  warps,  and  nothing  more.  Looking  at 
another  pair  of  extremes,  we  note  that  it  is  possible  to  form  a  warp 
from  one  bobbin  of  yarn,  or  from  as  many  bobbins  as  there  are  threads 
of  warp.  As  a  rule,  the  carpet  warps  are  made  up  by  one  bobbin 
to  each  thread  of  warp;  but  the  worsted  warps  are  made  up  with  the 
fewest  possible  number  of  bobbins.  The  simplest  way  is  a  bobbin 
to  every  warp  thread;  but  this  is  rarely  possible,  and  the  warper 
who  only  knows  of  that  method  has  not  learned  his  trade. 

Suppose,  for  the  sake  of  illustrating  our  point  by  an  extreme  case, 
we  undertake  to  build  up  a  warp  from  a  single  thread.  A  single 
round  on  the  bartrees  represents  a  length  of  the  warp.  In  the  first 
round  the  thread  is  passed  over  the  first  lease  pin  and  under  the  second, 
across  the  frame  and  round  the  topmost  warp  peg,  across  to  the  corre- 
sponding peg  on  the  other  side,  back  again  to  the  second  peg,  and 
so  on,  till  the  thread  has  been  wound  on  all  the  pegs  and  across  the 
frame  as  many  times.  The  warp  thread  is  then  passed  under  the  near 
footing  pin  and  over  the  other,  and  round,  coming  back  over  the 
footing  pin  and  up  round  the  whole  frame.  When  the  lease  pins  are 
again  reached,  the  passage  of  the  thread  over  them  is  reversed,  and 
what  is  called  the  healding  lease  formed.  Beginning  again,  the 
same  course  is  followed  and  repeated,  till  the  number  of  threads  re- 
quired for  the  warp  has  been  wound. 

No  one  would  ever  dream  of  doing  such  a  thing  in  practical  work; 
but  let  us  examine  an  actual  case  and  see  how  far  our  example  serves. 
We  are  required  to  build  up  a  warp  giving  33  in.  in  width  of  cloth, 
and  64  threads  to  the  inch,  with  48  bobbins  of  warp  thread.  To  find 
how  many  times  those  threads   perform    the   downward   and   upward 
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movement  on  the  bartrees,  we  multiply  the  number  of  threads  to 
the  inch  by  the  number  of  inches  in  the  width,  and  divide  by  twice 
the  number  of  bobbins.  The  result  shows  that  each  thread  in  the 
48  must  go  the  double  round  22  times.  That  is  to  say,  the  thread 
from  each  bobbin  appears  44  times  in  the  warp.  As  the  warp  contains 
21 12  threads,  each  thread  is  in  the  proportion  of  i  in  48.  This  is 
important  in  making  up  coloured  warps,  and  indicates  the  method  to 
be  followed  in  building  up  warps  for  coloured  patterns.  We  leave 
that  aspect  of  the  subject  for  the  present,  however,  and  turn  to  matters 
more  directly  pertaining  to  the  warper's  duty. 

Leasing". — For  the  healding  lease  every  warp  thread  must  be  crossed 
twice  over  every  other.  It  may  be  said  that  one  crossing  would  suffice 
to  make  a  separation  between  the  threads;  but  there  are  other  factors 
to  be  taken  into  account.  The  purpose  of  leasing  is  to  preserve  the 
order  in  which  the  threads  have  been  laid  on  the  warping  frame,  and 
enable  the  healder  to  identify  unfailingly  each  separate  thread.  More- 
over, the  threads  must  be  kept  perfectly  level.  If  only  one  crossing 
is  made,  the  threads  passing  over  the  leasing  pin  or  binding  cord  will 
be  lifted  higher  than  the  threads  passing  under,  but  if  the  crossing 
is  repeated,  the  threads  previously  depressed  will  be  elevated  and  the 
level  restored.  Being  close  together,  the  two  crossings  maintain 
between  them  the  order  of  the  warp  threads  rigidly.  The  warp  may 
be  folded,  crushed,  and  roughly  handled,  but  the  leasing  will  remain 
firm. 

The  footing  lease  does  not  separate  single  threads,  but  consists 
of  groups  varying  in  the  number  of  threads  they  contain — it  may  be 
4,  8,  10,  16,  or  any  number  selected.  The  practice  now  being  almost 
universally  adopted  is  to  take  the  yarns  from  20  bobbins  and  cross 
them,  making  what  is  called  a  porty  of  40  warp  threads.  The  porty 
is  the  measure  of  many  kinds  of  warps,  which  are  named  10  s,  20  s, 
30  s,  or  more,  according  to  the  number  of  porties  they  contain. 

Though  both  leasings  are  essential,  we  may  obtain  them  at  any 
point  during  the  treatment  of  the  warp  which  may  be  most  convenient. 
In  some  cases  the  leasing  is  done  during  the  formation  of  the  warp, 
but  in  others  the  last  stage  of  dressing  may  be  the  moment  most 
suitable.  A  rigid  rule  would  confer  no  advantage  and  impose  irksome 
restrictions. 

Machine  Warping. — Excepting  for  pattern  weaving  and  special 
silks,  hand  warping  is  not  much  practised.  Certain  carpets  are  warped 
by  hand,  but  these  hardly  come  within  our  view  at  present.     In  every 
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large  textile  factory  the  warping  is  performed  by  one  kind  of  machine 
or  another.  In  this  department,  as  in  most  others,  the  governing  types 
are  those  employed  in  the  cotton  and  wool  industries. 

Cotton-warping:  Machine. — The  swiftest  and  most  effective  machine 
is  that  one  which,  originally  invented  by  Singleton,  of  Darlington,  and 
now  improved,  is  almost  universally  employed  in  warping  plain  calicoes 
and  linens.  This  is  a  small  but  rather  complex  machine,  admirably 
designed  to  produce  a  perfect  warp  (fig.  209).  In  front,  and  at  the 
base  of  the  machine,  is  a  horizontal  treadle  bar  from  the  end  of  which 


Fig.  209. — Cotton  Cylinder  Warper 

extends  a  lever  connected  with  a  friction  plate  acting  on  the  driving 
pulley.  The  friction  plate  holds  the  drum  shaft  fixedly,  and,  through 
the  shaft,  communicates  motion  to  the  drum  and  the  rest  of  the 
mechanism.  At  the  other  side  of  the  friction  plate,  however,  is 
another  lever,  called  the  slide  bar,  which  can  press  the  plate  out 
from  contact  with  the  driving  pulley  and  stop  the  machine.  On  the 
head  of  the  structure  a  series  of  rollers  carry  through  and  manipulate 
the  threads.  At  the  back  is  a  hollow  metal  roller  18  in.  in  circum- 
ference, over  which  the  warp  yarns  come  from  the  creel  through  the 
reed;  next,  in  slotted  supports  permitting  them  to  fall  freely  at  need, 
sit  the  pair  of  drop  rollers.  Nearer  the  front  hangs  the  carrier  roller, 
and  in  front  of  it,  sunk  to  their  heads  in  the  deep  grooves  of  the  bar 
across  the  whole  breadth  of  the  machine,  depend  the  drop  wires, 
shaped  like  staples  or  hairpins,  their  ends  hanging  down,  and  their 
heads   forming   arches    for  the  warp  threads  to  pass   under.       Below 
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the  drop  wires,  almost  within  touch,  sit  the  pair  of  nip  rollers,  and 
beside  them,  coming  vertically  down  from  a  bar  across  the  head  of 
the  machine,  is  a  long  and  powerful  lever,  the  lower  end  of  which 
rests  against  the  slide  bar  before  mentioned  as  having  power  over 
the  friction  plate.  This  bar  has  a  cleft  head  which  fits  into  a  strong 
bracket,  the  ledge  of  which  is  smooth,  and  allows  the  tooth  of  the 
lever  or  slide  bar  to  slip  out  freely.  In  the  midst  of  all,  on  the  top 
of  the  drum,  sits  the  beam  for  taking  on  the  warp. 

Complicated  as  the  mechanism  appears,  it  acts  with  simple  and 
automatic  regularity.  At  the  back  of  the  machine  the  creel  containing 
the  warp  bobbins  or  cops  has  been  placed.  Any  form  or  shape  of 
creel  will  serve  for  this  machine,  though  the  one  most  favoured  is 
a  V-shaped  frame,  capable  of  holding  from  400  to  600  bobbins,  ana 
accessible  at  all  parts  to  the  operator.  In  front  of  the  creel  is  the 
reed  or  sley.  This  instrument  plays  an  important  part  in  the  manipu- 
lation of  the  warp,  and  must  be  closely  examined  later.  It  is  enough 
to  say,  in  the  meantime,  that  it  resembles  a  comb  closed  on  both  sides, 
and  that  the  warp  threads  are  passed  through  its  teeth  in  small  sections, 
the  office  it  here  discharges  being  nothing  more  than  the  straightening 
out  and  directing  of  the  threads.  Thence  the  warp  goes  on  to  the  back 
roller  of  the  machine.  Passed  under  the  drop  rollers,  the  warp  threads 
are  taken  up  round  the  carrier  roller  and  run  one  by  one  under  the 
little  arches  of  the  drop  needles,  and  over  the  nip  rollers  on  to  the 
beam.  All  having  been  made  ready,  the  warper  brings  down  the 
treadle  with  her  foot,  and  the  weighted  lever  sends  the  friction  plate 
into  gear  with  the  driving  pulley.  The  drum  begins  to  revolve,  and 
the  drop  rollers  are  lifted  into  place;  all  the  rollers  turn,  and  draw 
the  warp  along.  While  the  threads  remain  intact  the  whole  machine 
works  smoothly,  the  solid  stream  of  white  passing  through  the  nip 
rollers  on  to  the  warping  beam.  But  the  moment  a  thread  breaks  a 
change  takes  place.  The  drop  wire  held  up  by  the  passage  of  the 
thread  falls,  and  knocks  the  nip  roller  under  it  out  of  gear,  and  against 
the  long  lever,  the  lower  end  of  which  pushes  the  clutch  of  the  slide 
bar  off  the  ledge  of  the  bracket  supporting  it,  the  bar  falling  down 
and  knocking  the  friction  plate  out  of  contact  with  the  pulley  and 
stopping  the  machine.  The  succession  of  acts  occur  in  less  time  than 
it  takes  to  name  them,  and  the  machine  stops  quickly.  The  slack 
warp  is  taken  up  by  the  drop  rollers,  and  the  joining  of  the  thread 
broken  is  rendered  easy.  Besides  acting  as  detectors  of  broken 
threads,  the  drop  wires  also  perform   the  useful  function  of  clearers, 
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preventing  any  fuzz  or  knots  on  the  yarn  from  passing  through.  As 
will  be  seen,  the  parts  of  the  warping  machine  are  strong,  solid,  and 
distinct.  If  kept  in  good  order,  the  machine  does  its  work  well.  The 
warps  made  are  afterwards  combined  in  sets  on  the  beam  to  form  a 
complete  weaving  warp. 

Coloured  Cotton  Warping". — Leasing  has  not  been  mentioned  in 
connection  with  the  above  machine.  The  reason  is  that  plain  calicoes 
are  leased  on  the  dressing  or  sizing  machines.  The  same  might  be 
said  of  coloured  cotton  warps  in  many  cases;  but  some  manufacturers 
prefer  to  warp  and  lease  at  the  same  time.  In  many  respects  the 
system  has  much  to  commend  it.  A  machine  for  carrying  through 
both  operations  rapidly  was  invented  and  put  on  the  market  by 
Messrs.  J.  J.  Ashworth  &  Bros.,  of  Pendleton,  in  1878,  which  has 
since  been  much  improved  by  various  hands.  In  many  particulars 
the  machine  closely  resembles  the  cheese  warp  winders  now  greatly 
employed  in  coloured  work  by  warpers  of  all  kinds  of  fabrics,  and  it 
is  therefore  of  general  interest,  though  not  much  used  now. 

The  creel  frame  is  set  at  an  oblique  angle  to  the  warping  machine, 
and  upon  it  the  bobbins  containing  the  warp  are  hung  in  rows,  the 
top  line  running  i,  2,  3,  and  so  on,  and  every  successive  row  following 
the  same  order.  At  the  side  of  the  creel  nearest  to  the  machine  a 
frame  is  fixed,  containing  strips  of  earthenware  2  in.  broad  by  5  in. 
long,  and  perforated  by  two  rows  of  holes,  through  which  the  threads 
from  the  creel  are  passed.  At  right  angles  to  this  frame  an  upright 
reed  stands,  every  alternate  dent  of  which  is  filled  up  about  2  in. 
from  the  ends.  Through  the  reed  the  warp  yarns  are  threaded,  one 
after  the  other,  every  alternate  thread  going  through  a  dent  half  closed. 
Next,  upon  the  frame  of  the  machine  itself  stand  a  pair  of  vertical  rods, 
joined  at  the  top,  but  movable,  both  at  top  and  bottom.  Almost  touch- 
ing the  vertical  rods  sits  a  bow-shaped  frame  for  collecting  the  whole 
warp  section,  the  bow  gathering  the  threads,  and  the  string  directing 
them  in  a  straight  course.  Shaped  not  unlike  a  small  model  of  the 
ordinary  cotton-warping  machine,  the  mechanism  in  the  centre  of  the 
coloured  warper  consists  of  a  back  roller,  a  drop  roller,  a  pair  of  tension 
rods,  and  a  guide  roller,  at  the  end  of  which  is  a  worm  indicator  set 
to  a  bell,  to  ring  when  a  given  number  of  yards  of  warp  have  been 
wound.  Last,  hung  on  its  axle  in  the  sides  of  the  frame,  is  the 
warping  beam,  divided  up  into  sections  the  width  of  each  warp 
chain.  Section  plates,  like  beam  flanges,  stand  up  vertically  to 
the  circumference  of  the  axle,   and   are   held   in   place   by  iron    rods 
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running  through  from  flange  to  flange  and  secured  by  screws  on  the 
ends. 

These  are  the  main  parts  of  the  machine,  and  we  can  now  under- 
stand the  method  of  working  it.  Having  been  threaded  through  the 
reed,  the  yarns  are  passed  in  through  the  bow,  between  the  rods, 
over  the  back  roller,  under  the  drop  roller,  over  and  under  the  ten- 
sion rods,  over  the  front  roller,  and  on  to  the  beam,  where  the  warp 
is  secured  between  the  section  rods  and  the  axle.  The  warp  is  in 
position,  and  now  we  have  to  get  the  lease.  Pushing  the  one  rod 
from  right  to  left,  we  press  all  the  threads  against  the  extremities 
of  the  reed  at  the  left,  and  the  soldered-up  ends  hold  up  alternate 
threads  of  the  warp.  A  cord  is  passed  through  the  opening  thus 
made.  Next,  the  rod  is  pressed  on  the  warp  from  right  to  left,  and 
another  difference  is  shown  between  the  threads  alternately,  and  the 
cord  is  again  passed  through  and  knotted.  The  lease  has  been  made. 
The  indicator  having  been  adjusted  to  the  length  of  warp  required, 
the  machine  is  put  in  motion.  A  spring  lever  controls  the  grip  of 
the  tension  rods,  the  chief  use  of  which  is  to  compensate  for  the 
growing  lightness  of  the  bobbins  as  they  become  denuded  of  yarn. 
It  is  made  slack  at  first,  and  gradually  tightened  according  to  need. 
The  warp  flows  smoothly  into  the  section  of  the  beam  till  a  thread 
breaks;  then,  at  a  break,  the  drop  roller  falls  and  the  connecting  levers 
throw  the  drive  off. 

As  soon  as  one  section  of  the  warp  has  been  wound  on,  the  bell 
rings,  and  the  whole  mechanism  stops.  The  operations  of  leasing 
and  adjustment  are  repeated,  and  the  machine  started  again.  If  the 
pattern  is  larger  than  the  chain  can  contain,  the  half  of  the  pattern 
is  put  into  alternate  chains.  Here  the  special  function  of  the  bow  is 
brought  out.  By  reversing  the  bow  the  sides  of  the  chain  are  reversed, 
the  threads  which  were  on  the  right  in  the  first  instance  being  on  the 
left  in  the  second,  and  vice  versa.  Section  by  section  the  warp  is 
wound  on  to  the  beam,  every  thread  at  equal  tension,  and  all  of 
equal  length.  When  completed,  the  whole  warp  is  run  direct  on  to 
the  weaving  beam,  and  the  leased  ends  which  were  first  to  be  wound 
in  the  warping  come  out  last  on  the  weaving  beam,  ready  to  the  hand 
of  the  healder. 

Wool  Warping. — In  the  formation  of  woollen  and  worsted  warps 
it  is  easier  to  trace  the  development  of  warping  machinery  than  in 
the  cotton  trade.  Cotton  came  late,  and  the  inventors  of  the  warping 
machines  for  that  industry  had  all  the  experience  of  all  the  other  textile 
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industries  to  draw  upon.  Woven  in  long  lengths,  in  its  natural  colour, 
and  all  the  threads  as  like  one  another  as  round  shot,  the  vegetable 
fibre  afforded  scope  for  the  invention  of  swift  and  highly  productive 
machines.  Threads  spun  from  wool  have  a  totally  different  character 
for  the  warper.  Patterned  cloth  weaving  comprises  the  great  bulk 
of  the  trade.  The  woollen  and  worsted  threads  are  fairly  thick,  as  a 
rule,  and  the  direction  of  the  twist  has  a  distinct  effect  on  the  appear- 
ance of  the  cloth.  Fancy  and  coloured  cottons,  it  is  true,  are  of  some 
importance;  but  the  warpers  of  these  will  find  the  woollen  machines 
and  methods  of  service.  As  hinted,  the  coloured  cotton  warper  above 
detailed  resembles  closely  the  machines  employed  in  the  woollen  trades. 

Upright  Warping  Mill.  —  Between  the  creel  and  bartrees  of  the 
hand  warper  and  the  warping  mill  there  is  a  large  difference;  it  can 
hardly  be  said  that  the  latter  is  the  former  made  mechanical.  The 
machine  is  a  great  advance  in  form,  but  the  principle  of  operation 
differs  in  no  essential  particular.  This  can  best  be  shown  by  a  close 
examination  of  the  upright  warping  mill,  as  it  is  operated  at  the  present 
day. 

The  complete  warping  mill  is  in  three  sections — the  creel,  the  heck, 
and  the  reel  or  warping  mill  (fig.  210).  The  creel  is  a  high  frame, 
with  horizontal  pegs,  capable  of  holding  in  rows,  one  above  the 
other,  from  250  to  400  bobbins.  Standing  on  a  frame  between  the 
creiel  and  the  mill  is  the  heck  box.  Machinists  have  sometimes  taken 
advantage  of  the  position  of  this  tool  to  make  it  perform  other  func- 
tions besides  its  own ;  but  we  shall  take  the  simplest  and  commonest 
form  to  begin  with.  A  complete  heck  box  contains  a  series  of  vertical 
steel  pins,  one  half  riveted  in  the  upper  slide  of  the  wooden  frame  and 
the  other  half  fixed  in  the  lower  slide,  the  odd  numbers  being  opposed 
to  the  even  numbers.  The  two  slides  can  be  parted;  lifting  the  upper 
half  away,  we  take  away  every  alternate  pin.  Through  the  centre 
of  each  pin  a  hole  has  been  drilled  capable  of  letting  a  warp  thread 
through. 

The  mill  itself  is  a  huge  reel,  or  swift,  standing  8  ft.  high,  and 
having  a  circumference  of  15  to  20  ft.  for  woollens;  cotton  warp  mills 
measure  in  circumference  20  yd.  and  upwards.  From  the  axle  long 
spokes  come  out,  and  on  the  ends  of  the  spokes  lags  or  rods  are 
fixed ;  in  some  cases  the  rods  are  braced  by  horizontal  girders  of  iron 
or  bent  wood.  At  a  point  near  the  base  of  the  vertical  reel  lease  pins 
are  fixed,  and  on  the  head  a  pair  of  footing  pins. 

Having  hung  the  bobbins  on  the  creel  in  proper  order,  the  warper 
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threads  the  yarns  through  the  eyes  in  the  pins  of  the  heck  box  and 
leads  them  on  to  the  reel.  Before  starting,  however,  he  takes  the 
leasing.  Lifting  the  top  bar  of  the  heck,  he  elevates  every  alternate 
thread  of  the  warp  and  secures  it  on  a  lease  peg;  drawing  down 
the   lower   bar,   he  pulls  out  the  other  section   of  threads  and    again 


Fig.  2IO. — Upright  Warping  Mill 

A,  Creel  containing  bobbins  filled  with  yam.  B,  "  Heck  "  box  sliding  up  and  down  as  rope  winds  on  central 
shaft  c.  D,  D,  Leasing  and  footing  pins.  [The  "heck"  is  divided  into  two  parts,  and  consists  of  finely  polished 
steel  pins,  with  a  small  hole  in  the  upper  part  of  each  to  receive  and  guide  one  thread.] 

makes  the  opening  secure  on  a  lease  peg.  The  newer  reels  are 
power-driven,  but  this  one  is  worked  by  means  of  a  winch.  Turning 
the  winch,  the  warper  causes  the  reel  to  turn  round  from  right  to 
left,  winding  on  the  warp  yarns  from  the  creel.  As  the  reel  revolves, 
a  cord  causes  the  heck  box  to  rise,  guiding  the  threads  in  a  spiral 
round   the  reel.     When  the  top  is   reached,   the  warp  is  divided  on 
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the  footing  pins,  in  sections  of  4,  8,  or  20,  as  may  seem  most  con- 
venient, the  last  number  being  generally  preferred,  because  the  unit 
of  calculation  is  the  porty  of  40  threads.  The  footing  lease  secured, 
the  creel  is  reversed,  and  the  warp  wound  on  from  left  to  right,  the 
heck  slowly  descending  and  laying  another  spiral  of  yarn  on  the 
reel.  As  soon  as  the  leasing  pins  are  reached  another  lease  is  taken 
and  the  operation  of  winding  continued.  The  work  proceeds  in  that 
fashion  till  the  whole  warp  is  wound. 

The  operation  described  is  a  practical  instance,  not  a  theoretical 
supposition  based  on  general  principles.  It  must  be  understood, 
however,  that  those  oldfashioned  w^arping  mills  are  to  be  seen 
working  in  many  sizes,  ranging  from  a  small  mill  10  ft.  in  circum- 
ference to  a  very  large  one  60  ft.  round.  The  same  mill,  or  mills 
identical  in  principle,  may  be  observed  in  cotton,  linen,  and  silk 
factories.  It  is  so  easily  adjusted,  so  adaptable  in  every  way,  as  to 
suit  every  kind  of  warp. 

Horizontal  Warping  Mill  with  Dividing  Head. — It  is  generally 
conceded  that  only  the  most  skilful  of  warpers  can  produce  on  the 
common  warping  mill  a  warp  equal  in  tension  throughout.  The 
whole  structure  of  the  mill  and  the  working  method  are  against  it. 
For,  if  we  suppose  the  first  layer  of  warp  on  the  reel  is  the  correct 
length,  then  the  second  must  be  longer  by  the  thickness  of  the  first, 
and  the  third  longer  still,  though  the  difference  may  be  partially 
corrected  by  the  "jacking"  motion.  Besides,  the  tension  of  all  the 
yarns  depends  wholly  on  the  skill  of  the  operator,  and  skill  spent  on 
a  purely  mechanical  requirement  is  not  economical.  Several  devices 
have  been  contrived  to  obviate  those  difficulties,  the  most  successful 
taking  either  of  two  forms,  the  one  a  device  on  the  warping  mill, 
causing  the  warp  threads  to  lie  sloping  at  an  angle,  the  other  a 
method  of  cheese  winding,  of  which  the  cotton  coloured  warping 
machine  before  mentioned  is  an  example.  The  latter  class  must  be 
observed  separately.  We  note,  meanwhile,  the  "Patent  Sectional 
Dividing  Warping  Mill". 

On  this  machine  (figs.  211  and  212)  the  reel  is  horizontal,  iron- 
framed,  with  laths  7  ft.  long.  On  the  ends  of  the  laths  at  the 
right-hand  side  coned  inclines  are  fixed  (fig.  213).  Having  been 
creeled  and  leased  in  the  usual  way,  the  threads  are  passed  through 
a  "contractor"  reed  and  a  section  reed,  in  the  latter  of  which  the 
warp  is  sleyed  as  for  weaving.  This  done,  the  warp  is  passed  through 
the   patent   dividing   head,    which    is   provided   with   an   arrangement 
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capable  of  being  adjusted  to  the  exact  width  of  any  section  of  warp 
to  be  wo  ind,    ranging  from   ^   in.  to  ii   in.      At  the  commencement 


of  winding  the  threads  are  tightened,  and  the  dividing  head  wound 
up  to  a  stop,  so  that  the  right-hand  side  of  the  warp  section  is  in 
line  with  the  edge  of  the  cone  on  the  lath.  The  mill  is  now  put 
in   motion,   and  as  it  revolves,  the  dividing  head  goes  to  the  right, 
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winding  each  successive  layer  of  yarn  farther  up  the  incline  of  the 
cone  till  the  required  length  has  been  wound.  By  means  of  change 
wheels  the  operator  can  set  the  mill  to  any  required  length  of  warp. 
After   the   first  section    has    been   wound,    it  remains  a  coned    incline 


Fig.  213. — Dividing  Head  for  Sectional  Dividing  Warping  Mill.     The  dotted  lines  show  the  cone  of  warp  after 

the  winding  of  the  first  section 

of  solid  yarn.  To  get  a  new  start,  the  dividing  head  is  moved  back 
the  exact  width  of  the  section  and  the  operation  repeated.  To  find 
the  right  spot  by  measurement  is  rather  difficult,  and  the  gauges 
are  set  to  scale,  so  that,  when  the  dividing  head  is  wound  back  to 
position,  the  new  section  begins  at  the  right  point.     These  mills  are 


Fig.  214. — Seeley  and  Kershaw's  Patent  Section  Warping  Machine,  with  curved  Heck  and  Creel 


usually  made  20,  22^,  and  30  ft.   in  circumference,  but  may  be  made 
any  suitable  size. 

Warping  in  Section. — In  most  particulars  this  method  does  not 
differ  from  the  systems  already  described,  but  the  machines  are 
different  in  shape  and  produce  distinct  sections  wound  on  small 
beams    by   themselves.      Each   warp   section    is    from    3   to   9   in.    in 


8o  SPINNING 

breadth,  and  the  number  of  threads  in  the  section  is  generally  one- 
sixth  to  one-twelfth  of  the  number  in  the  complete  warp.  Like  the 
others,  this  set  of  appliances  comprises  a  creel,  a  heck  box,  and  a 
sley;  but  instead  of  the  large  reel  we  have  a  miniature  beam  geared 
on  a  frame,  with  stop  motion  and  length  gauges.  The  creel  and 
the  heck  box  are  of  ordinary  size;  but  the  sley  is  a  contracter, 
carrying  four  or  more  threads  through  each  dent,  and  so  narrowing 
the  warp  to  the  breadth  of  the  beam.  Having  formed  the  lease  and 
let  the  threads  through  the  sley,  we  start  the  machine.  The  moment 
the  beam  has  taken  on  the  length  previously  fixed,  it  stops,  and 
the  completed  section  is  taken  off.  The  sectional  method  has  the 
merit  of  rendering  defects  in  tension  almost  impossible. 

Pattern  Problems  on  the  Sectional  Warping  System. — Handy  as 
sectional  warping  is  for  plain  warps,  it  is  not  so  easily  handled  in  the 
fancy-warp  department.  There  are  always  three  fixed  factors  in  a 
given  web — threads  in  the  warp,  threads  to  the  inch,  and  threads  in 
the  patterns ;  the  variable  factors  are  the  number  of  cheeses,  the  number 
of  patterns  in  the  cheeses,  the  breadth  of  the  cheeses,  or  the  number 
of  threads  in  the  cheese  or  section.  When  a  pattern  comes  up,  there- 
fore, which  cannot  be  brought  into  any  given  number  of  sections,  as 
a  complete  number,  the  obvious  course  is  to  try  to  manipulate  the 
changeable  factors,  viz.  the  sections,  and  either  lessen  the  number 
and  increase  the  number  of  threads  they  contain,  or  increase  the  number 
of  sections  and  lessen  the  number  of  threads,  or,  alternatively,  lessen 
or  increase  the  number  of  patterns  in  each  section. 

Linen  Warping. —  Linen  manufacturers  employ  the  upright  warp- 
ing mill  to  a  considerable  extent.  For  chain  warping,  of  course,  it 
is  very  serviceable,  and  linen-yarn  spinners  do  a  large  trade  in 
supplying  chain  warps  to  carpet  manufacturers  and  others.  But  the 
yarns  used  in  warps  by  outsiders  are  trifling  in  quantity  compared 
with  the  great  mass  woven  into  linen  cloths.  For  the  latter  the 
horizontal  cotton -warping  machines  are  the  most  economical  and 
every  way  most  expeditious.  Before  judging,  however,  it  is  necessary 
to  take  into  account  the  arrangements  of  the  factory.  Dressing  and 
beaming  departments  may  have  been  organized  for  chain  warps,  and 
there  may  be  reasons  in  the  class  of  goods  made  for  those  arrange- 
ments. Whilst  everyone  should  strive  to  be  abreast  of  the  best 
practice,  there  are  cases  in  which  it  pays  better  to  keep  to  the  old 
style. 

Chain    warps   wound    on    the    reel    are   wound    in    small    sections. 
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which  are  combined  in  the  dressing  machine.  When  the  horizontal 
warper  is  employed,  the  warp  is  usually  divided  into  four  sections, 
each  section  containing  a  fourth  of  the  number  of  warp  threads  to 
make  up  the  whole  web.  The  four  warps  are  significantly  named  a 
"dressers'  set". 

Jute  Warping. — Being  woven  in  short  lengths,  jute  is  warped  in 
the  simplest  manner  possible.  The  upright  warping  mill  driven  by 
winch  or  treadle  is  commonly  employed.  Heavy  warps  are  made 
in  four  sections,  of  so  many  porties  each.  Say  that  we  find  on  the 
warping  ticket  i6  porties  required.  We  put  i6o  bobbins  in  the 
creel,  lead  them  through  the  contracting  reed,  lease  them  on  the 
leasing  reed,  and  bind  on  the  leasing  pins  of  the  reel.  Winding 
one  length  up  the  reel  and  another  down,  we  repeat,  leasing  each 
turn,  and  doff  the  complete  warp.  The  sections  are  separated  and 
run  in  one  level  sheet  on  to  the  beam. 

Warping  Silks. — Woven  in  all  widths,  from  the  scarves  4  in. 
wide  to  the  dress  pieces  60  in.  wide,  silk  does  not  lend  itself  to 
mechanical  warping.  Very  fine  patterns  are  warped  on  the  hand 
creel  and  bartrees,  or  woof.  Broad  pieces  woven  in  the  "grey" 
are  generally  warped  on  the  upright  mill.  For  this  class  of  work 
some  very  handy  creels,  heck  boxes,  and  horizontal  warping  mills, 
with  all  the  latest  adjustments,  are  offered  to  the  silk  trade.  In 
general,  however,  silk  warping  belongs  rather  to  the  province  of 
the  weaving  designer  than  to  the  duty  of  the  spinner.  It  is  very 
seldom  the  silk  thrower  is  asked  to  make  up  the  yarns  into  warp. 

Dressing  or  Sizing. — During  the  process  of  weaving  the  warp 
threads  are  subjected  to  friction  and  tension.  The  flight  of  the 
crossing  weft  shuttle,  the  beating  of  the  sley,  and  the  passing  of 
the  reeds  make  friction;  the  drawing  over  of  the  cloth  beam  imposes 
strain ;  the  mechanical  movements  of  the  whole  loom  cause  vibra- 
tions— all  of  which  bear  upon  the  warp.  Unless  protected  by  some 
means,  the  threads  would  wear  and  fray  out  in  the  weaving.  Even 
the  hand-loom  weaver  found  it  necessary  to  protect  his  warps,  and 
the  operations  of  the  power  looms  are  more  severe.  Some  of  the 
warps,  such  as  linen  and  cotton  twist,  hardly  require  any  form  of 
lubricant;  but  woollen  and  worsted  warps  are  made  very  much 
smoother  by  the  application  of  the  strengthening  substances.  For 
the  dressings  or  sizes  are  of  a  glutinous  nature,  and  cause  the  fibres 
of  the  warp  threads  to  lie  closely  together. 

Nothing  illustrates  more  vividly  the  change  which  machinery  and 
Vol.  IV.  79 


82  SPINNING 

the  application  of  steam  and  electric  power  to  textile  manufacture 
have  brought  about  than  this  simple  operation  of  dressing.  When 
the  hand-loom  weaver  was  the  sole  clothmaker,  the  spinner  knew 
nothing  of  warp  dressing;  now  many  woollen  warps  are  sent  from 
the  spinning  mill  all  dressed  and  beamed  for  the  loom.  The  dressing 
of  the  old  weaver  was  done  on  the  loom  in  sections;  a  dressing  was 
the  length  of  warp  exposed  between  the  healds  and  the  warp  beam 
on  the  loom.  With  a  pair  of  long-haired  brushes,  the  weaver  care- 
fully spread  on  the  thin  paste  and  worked  it  into  the  substance  of  the 
warp  threads,  making  the  warp  smooth  and  shiny.  When  every  thread 
had  been  nicely  treated,  he  took  his  large  fans  and  dried  the  dress- 
ing. Sometimes  you  would  see  him,  with  a  fan  in  one  hand  and  a 
brush  in  the  other,  going  lightly  over  the  warp,  to  clear  away  the 
rougher  fragments  of  the  paste;  this  done,  he  took  a  fan  in  each 
hand  and  created  the  drying  draught.  Slow,  laborious,  and  tempt- 
ing the  worker  to  make  frequent  pauses  by  the  very  nature  of  the 
work,  that  form  of  warp  dressing,  in  the  cotton  industry  at  least, 
has  almost  wholly  passed  away,  and  in  its  place  are  installed  the 
huge  dressing  machines  of  the  factory. 

Cotton  Sizing. — Manufacturers  have  discovered  in  sizing  a  means 
of  adding  to  the  weight  of  the  cloth.  A  solid  appearance  can  be 
given  to  very  thin  calico  by  the  liberal  use  of  a  strong  size.  This 
is  commonly  called  adulteration,  but  the  practice  deceives  no  one, 
scarcely  even  the  buyer  of  cotton  over  the  retail  shop  counter.  That 
loading,  however,  was  first  adopted  with  a  dishonest  intention  it 
would  be  foolish  to  deny.  Whether  the  epithet  dishonest  can  now 
be  applied  is  a  point  we  are  not  called  upon  to  decide.  A  curious 
fact  has  come  into  existence  in  this  connection  which  is  worthy  of 
mention.  Certain  kinds  of  sizing  impart  to  the  cloth  a  soft,  greasy 
feel,  and  cloths  without  that  characteristic  are  quite  unsaleable  in 
India.  All  the  cloths  imported  by  the  natives  of  that  country  must 
be  heavily  loaded.  Mr.  Marsden  conjectures  that  it  is  probably 
owing  to  the  climate,  which  requires  a  solid  cloth  for  sheltering  the 
wearer  from  the  sun's  rays  rather  than  a  soft  fabric,  which  has  not 
that  power.  In  common  practice  there  are  three  classes  of  sizing: 
(i)  light  sizing,  the  object  of  which  is  to  dress  the  warp  threads  to 
preserve  them  in  the  process  of  weaving;  (2)  medium  sizing,  either 
a  heavy  application  of  a  pure  size,  intended  to  solidify  the  cloth 
without  admixture  of  loading  materials,  or  a  light  form  of  loading; 
(3)  heavy  sizing,  designed  to  solidify  and  weight  the  cloth. 
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Recipes  for  Light  Sizing. — (i)  280  lb.  flour,  5  lb.  soft  soap,  8  lb. 
tallow;  (2)  280  lb.  fermented  flour,  10  lb.  curd  soap,  12  lb.  tallow; 
(3)  180  lb.  sago,  22  lb.  cocoanut  oil,  water.  The  usual  allowance  of 
water  is  20  gal.  to  280  lb.  flour. 

Recipes  for  Medium  Sizing. — Sometimes  additional  materials  are 
made  for  medium  sizing,  as  follows:  56  lb.  china  clay,  280  lb.  flour, 
5  lb.  soft  soap,  10  gal.  chloride  of  magnesium,  i  gal.  chloride  of 
zinc,  12  lb.  tallow.  Other  recipes  of  the  same  character  are  made  up 
for  that  class. 

Recipes  for  Heavy  Sizing. — (i)  280  lb.  flour,  100  lb.  tallow,  560  lb. 
china  clay,  24  gal.  chloride  of  magnesium,  2  gal.  chloride  of  zinc, 
5  dwt.  blue;  (2)  180  lb.  farina,  580  lb.  china  clay,  25  lb.  tallow, 
8  gal.  dulcine  (mixture  of  wax,  glycerine,  and  gum),  14  gal.  chloride 
of  magnesium,  6  gal.  chloride  of  zinc,   2  dwt.   blue. 

The  above  are  only  a  few  of  the  more  common,  though  we  cannot 
assert  that  the  quantities  are  strictly  adhered  to  by  any  manufacturer. 
It  may  be  positively  asserted,  however,  that  those  materials,  properly 
made  up,  will  produce  the  effects  aimed  at. 

Making  up  is  an  important  item,  and  the  typical  method  may  be 
described.  The  flour  and  other  ingredients,  with  the  due  proportion 
of  water,  are  put  into  a  vessel  fitted  with  agitators,  and  kept  at  a 
temperature  between  70°  and  80°  F.  for  a  week  or  eight  days. 
Vigorous  fermentation  should  occur  during  that  period.  When  fer- 
mentation has  ceased,  the  size  is  transferred  to  another  trough  and 
for  a  period  kept  agitated  constantly.  In  large  and  highly  organized 
factories  there  is  a  series  of  becks,  arranged  in  order  from  the  trough 
of  the  sizing  machine  and  automatically  connected  therewith.  Beck 
No.  I  contains  the  newly  made  mixture;  beck  No.  2  is  the  mixture 
made  a  week  before;  and  so  on  through  a  set  of  six,  the  sixth  being 
connected  with  the  sizing  trough  by  a  siphon  pipe,  through  which, 
as  the  level  of  size  in  the  trough  sinks,  a  supply  flows  in.  In  some 
cases  pumps  are  employed.  Each  beck  should  be  large  enough  to 
contain  a  week's  supply.  As  beck  No.  6,  say,  empties,  the  contents 
of  beck  No.  5  pass  into  it,  and  the  contents  of  beck  No.  4  pass 
into  No.  5;  thus  beck  No.  i  is  emptied  in  its  turn,  and  is  regularly 
filled. 

In  contrast  with  the  foregoing  sophisticated  mixtures,  we  give  the 
recipe  which  Dr.  Ure  says  was  supplied  to  him  by  an  eminent  manu- 
facturer at  Hyde: — 

*'Of  Calcutta  flour,   at   14^".   per  cwt.,    140   lb.   are   put   into  each 
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paste  tub,  whose  average  depth  is  20  in.,  and  width  30  in.  The  tub 
is  filled  up  to  nearly  the  brim  with  cold  water,  and  the  materials, 
being-  well  mixed,  are  left  alone  for  three  days.  The  glutinous 
matter  which  collects  at  the  top  is  skimmed  off;  the  mixture  is  now 
run  down  into  a  cylindric  vessel  of  cast  iron,  in  which  vanes  are 
made  to  revolve  by  a  vertical  spindle,  so  as  to  triturate  the  whole 
well  together,  while  steam  is  admitted  from  a  pipe  which  dips  down 
near  to  the  bottom.  The  paste,  being  boiled  in  this  way  for  an  hour, 
is  then  run  off  into  casks,  in  which  it  is  left  during  three  weeks;  at 
the  end  of  this  time  it  is  smoothed  or  levigated  by  being  forced 
through  between  two  rollers  revolving  almost  in  contact  with  each 
other  at  the  bottom  of  a  pyramidal  hopper,  into  whose  wide  mouth 
the  paste  is  ladled." 

Which  of  the  practices  is  to  be  admired  need  hardly  be  said,  and 
it  is  satisfactory  to  be  able  to  add  that  the  latter  practice  is  not 
without  exponents  in  these  days.  The  weavers  of  the  finest  cotton 
cloths  in  the  world  size  their  warps  with  a  dressing  not  unlike  that 
Hyde  manufacturer's,  though  their  methods  resemble  in  mechanical 
particulars  the  makers  of  what  are  called  light  sizes,  as  above 
described. 

Cylinder  Sizing  Machine. — Several  very  fine  machines  on  the  hot- 
air  drying  principle  have  been  devised  for  warp  sizing;  but  the 
machine  which  the  practical  worker  is  most  likely  to  be  called  upon 
to  operate  is  that  known  as  the  cylinder  sizing  machine  (figs.  215 
and  216).  These  are  very  large,  long  structures,  two,  or  at  most 
three,  of  which  are  sufficient  for  even  fairly  large  establishments. 

At  the  one  end  of  the  long  machine  is  the  creel,  fitted  to  hold 
six  or  more  warp  beams  at  a  time.  Almost  immediately  in  front  is 
the  sizing  trough,  which  is  divided  into  two  compartments.  In  the 
near  compartment  the  size  is  boiling;  in  the  second  division  the 
heat  of  the  liquid  is  kept  at  boiling  point.  From  a  pipe  at  the 
other  side  of  the  machine  the  size  comes  slowly  in,  and  it  passes 
along  into  the  second  compartment,  where  a  coil  of  steam -filled 
pipes  is  constantly  heating  up  the  size.  Between  the  two  compart- 
ments is  a  channel  controlled  by  a  float,  which  descends  as  soon  as 
the  warp  passing  through  has  carried  off  a  certain  quantity  of  the 
size.  Thus  the  liquid  is  always  kept  at  uniform  temperature  and 
equal  in  quality.  Within  the  size  trough  there  are  the  immersion 
roller,  the  sizing  roller,  with  a  heavy  pressure  roller  above  it,  and 
the  finisher  roller,  also  borne  upon  by  a  heavy  pressure  roller.     The 
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under  rollers  are  usually  either  of  wood  or  of  copper,  and  the  upper 
rollers  are  of  solid  iron,  covered  with  flannel.  Farther  along  the 
pair  of  steam-drying  cylinders,  one  4  ft.  in  diameter  and  the  other 
6  ft.,  slowly  revolve.  Steam-heated  and  fitted  with  condensers  and 
valves  for  the  escape  of  the  water,  these  cylinders  are  strongly  built, 
stayed  internally  with  iron  rods,  and  sheathed  with  copper,  to  stand 
a  pressure  of  from  6  to  11  lb.  of  steam  per  inch.  Behind  the  second 
cylinder  run  a  set  of  carrier  rollers,  meant  to  hold  the  warp  long 
enough  to  let  it  cool  under  the  influence  of  the  large  fan  revolving 
near.  At  the  other  end  of  the  machine  the  warp  beam  is  hung,  and 
in  towards  the  centre  of  the  structure  are  ranged  successively  the 
draw  rollers,  tension  rods,  wraithe  or  opening  reed,  and  leasing 
reed.  The  gearings  of  all  those  mechanical  parts  are  carefully 
adjusted  to  the  requirements  of  the  warp.  The  draw  rollers  being 
driven  by  the  same  shaft  as  the  sizing  rollers,  the  warp  is  delivered 
to  the  beam  at  the  same  speed  as  it  is  taken  into  the  machine. 

Practically  automatic  and  highly  efficient,  this  machine  requires 
very  careful  attention.  The  steam  heat,  the  driving  gearing,  the 
regulators,  and  the  pressure  rollers  too  frequently  get  out  of  con- 
dition for  lack  of  detailed  attention.  In  the  main  the  operation  of 
the  warp  is  very  simple.  United  on  the  roller  above  the  trough, 
the  warp  is  plunged  through  the  boiling  size  and  comes  out  to  be 
cleared  of  superfluous  liquid  and  polished  by  the  finisher  rollers, 
to  pass  round  the  larger  cylinder,  thence  on  to  the  smaller  cylinder, 
through  among  the  cold  rollers,  and  in  through  the  dividing  rods, 
round  the  drawing  rollers  which  hold  it  tight  and  deliver  it  steadily 
through  an  adjustable  comb  to  the  beam. 

Because  most  generally  to  be  found  in  cotton  factories,  the  cylinder 
sizing  machine  has  been  made  representative  of  the  sizing  appliances 
in  that  industry.  The  others  in  use  are  also  utilized  in  the  other 
branches  of  textile  manufacture,  to  some  one  of  which  they  are  to 
be  regarded  as  holding  the  same  position  as  the  above  does  to  the 
cotton  trade. 

Wool  Warp  Sizing. — Hand  sizing  is  practised  variously  in  the 
wool  industry  still.  The  simplest  and  most  primitive  method  is  to 
take  a  warp  chain  and  souse  it  deeply  into  a  trough  of  size,  squeeze 
it  free  of  superfluous  size  in  the  hands,  and  then  spread  it  out  to 
dry  in  some  convenient  place.  Another  method  strongly  resembles 
the  style  of  the  hand-loom  weaver,  with  the  difference  that  the  warp 
is  suspended  between  one  beam  and  another  and  not  on  the  loomj 
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the  whole  warp  being  of  course  sized  at  one  time.  This  method 
made  mechanical  will  be  noted.  It  is  a  combination  of  sizing  and 
beaming.  More  common  and  nearly  related  to  the  cotton-sizing  pro- 
cess is  the  balloon-sizing  machine.  This  machine  has  a  sizing  trough, 
immersion  and  clearing  rollers,  steam-drying  cylinder,  and  raddle  or 
reed.  The  latter  end  of  the  machine  may  be  a  chain-balling  apparatus 
or  a  beaming  machine.  The  cylinder  is  sometimes  replaced  by  what 
in  the  trade  is  called  the  ''balloon",  a  cylindrical  frame  surrounded 
with  steam  pipes  which  create  a  gentle  heat  and  diffuse  it  through- 
out the  fine  warp. 

Whichever  method  is  practised,  the  point  to  observe  is  that  the 
warp  threads  must  not  be  allowed  to  stick  together,  either  through 
over-sizing  or  too  quick  drying.  Caking  or  baking  is  equally  bad 
for  the  warp,  and  is  sure  to  bring  disaster  to  the  warper  or  sizer. 

Linen  Sizing. — The  principal  ingredient  in  linen  size  is  a  colour- 
less, glutinous  substance  named  "Irish  moss",  made  from  a  seaweed 
found  on  the  western  shores  of  Europe.  Other  substances  are  used, 
such  as  algin,  given  in  the  finishing  section  of  this  work,  which 
warpers  should  study.  Two  types  of  machines  are  employed  in  the 
trade,  and  of  these  there  are  several  forms,  the  competing  machine 
makers  having  each  his  special  designs.  The  one  type  is  nothing 
more  than  a  slightly  adapted  cotton  cylinder  sizing  machine,  and 
the  other,  the  hot-air  sizing  machine,  is  taken  directly  from  the  same 
industry.  As  the  latter  has  not  been  studied  before,  we  shall  take 
it  up  first  (figs.  216  and  217). 

The  creel,  sizing  trough,  delivery  apparatus,  and  driving  gear  are 
practically  the  same  as  those  of  the  cylinder  drying  machine,  and  we 
may  therefore  confine  attention  to  the  hot-air  drying  apparatus.  A 
series  of  tubular  heaters  are  placed  in  the  bottom  of  the  machine; 
above  is  a  chamber,  at  one  end  of  which  revolves  a  huge  fan  driven 
at  high  speed.  While  drawing  the  air  from  the  outside  atmosphere, 
the  fan,  being  enclosed  within  the  chamber,  causes  the  heated  air  to 
circulate  rapidly  through  the  chamber  in  a  continuous  circle.  Having 
passed  through  the  sizing  trough  and  clearing  and  pressure  rollers, 
the  warp  is  carried  into  the  hot  chamber  by  a  pair  of  rollers  at  one 
end  and  drawn  out  by  another  pair  at  the  other  end.  The  rollers  are 
so  adjusted  as  to  leave  no  more  space  than  is  necessary  for  the  passage 
of  the  warp  in  and  out.  The  chamber  is  in  two  compartments,  being 
divided  horizontally  (fig.  217).  The  warp  enters  on  the  lower  and 
hotter    division    first,    turns    on    a    roller    at    the    closed    end    of    the 


chamber,  and  returns  to  the 
outside  via  the  upper  and 
cooler  compartment.  This 
system  of  graduation  is 
peculiarly  suited  to  the 
nature  of  linen  warps,  and 
effectually  dries  them. 

The  linen  adaptation  of 
the  cylinder  sizing  machine 
has  special  features  of  its 
own.  The  winding  of  the 
warp  on  to  the  beam  is  not 
at  the  end,  but  in  the  very 
centre  of  the  machine.  The 
four  warps,  or  "dresser's 
set",  are  placed  a  pair  at 
each  end  of  the  machine. 
There  is  a  sizing  trough 
at  both  ends.  Each  pair 
of  warps  is  led  through  a 
sizing  trough  towards  the 
cylinder  in  the  middle  of 
the  machine.  Another  fea- 
ture on  this  machine  is  the 
substitution  of  brush  rollers 
for  the  finisher  clearing 
rollers.  These,  when  the 
warps  emerge  from  the 
flannel  -  covered  pressure 
rollers,  rigorously  polish 
the   threads.      One    of    the 
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chief  reasons  for  the  brushes  is  the  hardness  of  the  linen  warp  which 
prevents  it  from  absorbing  the  moisture  to  the  same  degree  as  wool 
or  cotton.  If  the  size  were  to  remain  on  the  yarns  in  any  quantity, 
baking,  the  great  dread  of  the  sizing  warper  or  dresser,  would  be 
certain  to  occur,  with  very  bad  consequences. 

Supported  by  the  frame  of  the  machine,  a  triangular  frame  sils 
above  the  cylinder,  bearing  upon  it  the  warp  beam,  with  leasing 
apparatus  and  expansion  roller.  The  double  stream  of  warps  comes 
up  on  both  sides,  and  the  whole  of  the  sized  threads  are  wound  on 
the  beam,  the  pressure  or  expansion  roller  giving  the  warp  a  firmness 
and  consistency  on  the  beam  very  desirable  in  so  hard  a  yarn.  The 
only  serious  objection  to  this  machine  is  the  enormous  heat  in  which 
the  dresser  must  work  when  from  any  cause  he  requires  to  go  up  to 
the  warp  beam. 

Jute  Sizing. — As  has  been  stated,  many  jute  yarns  both  of  weft 
and  warp  are  used  in  the  unsized  or  "green"  state.  Fine  warps, 
however,  are  simply  sized  with  a  composition  of  farina.  The  warp 
is  not  made  into  a  chain,  but  merely  sent  direct  from  the  winding 
frames  in  bobbins  on  to  the  creel  of  the  sizing  machine.  The  trough, 
full  of  hot  farina  paste  in  a  soft  liquid  condition,  is  fitted  with  immer- 
sion and  clearing  rollers  as  well  as  clearing  brushes.  As  the  warp 
emerges  from  the  trough  it  is  cleared  of  moisture  and  dried  on  the 
steam -heated  cylinder  in  the  middle  of  the  machine.  Having  been 
thoroughly  dried,  the  warp  is  wound  on  to  the  weaving  beam. 

Beaming.— One  of  the  simplest,  beaming  is  also  one  of  the  most 
critical  operations  in  the  whole  course  of  cloth  manufacture.  To  the 
yarn  spinner  it  is  the  very  last  fragment  of  his  work,  and  for  him  to 
fail  at  that  point  is  very  grievous  indeed.  First,  the  beamer  must 
see  that  his  warps  are  all  in  the  proper  order.  If  the  warp  is  a 
patterned  one,  this  is  specially  important.  Then  all  the  parts  must 
be  set  at  an  even  tension.  A  warp  that  gives  off  irregularly  will 
produce  grossly  irregular  and  damaged  cloth.  So  very  severe  is  the 
requirement  in  that  respect,  warps  which  are  more  often  combined 
with  the  weft  in  the  loom  than  others  are  beamed  separately,  some 
looms  having  three  or  four  separate  warps  for  that  reason  alone. 

Whether  driven  by  hand  or  by  power  the  beam  is  slung  on  a  frame, 

supported  by  four  posts,  with  a  guide  rail  in  front  for  helping  to  hold 

up   the   warp.      Drawing   out   the   footing   end    from    the   warp   first, 

proceed    to    make    use   of   that   form    of   lease.      Through    this    series 

of  divisions  a  rod  taken  from  the  groove  in  the  loom  beam  is  passed, 
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and  the  warp  tightened  over  it.  Next  take  the  wraithe,  or  raddle, 
the  main  purpose  of  which  is  to  hold  the  warp  straight  to  the  width 
of  the  beam.  This  tool  may  be  described  as  a  kind  of  coarse  reed. 
The  bottom  part  is  a  wooden  lath  into  which  pins  have  been  fixed 
at  equal  and  measured  distances.  Fine  raddles  have  eight  or  more 
pegs  to  the  inch.  On  the  top  of  the  raddle  a  grooved  rod  named  the 
cap  is  fixed;  but  before  fixing  the  cap,  put  in  the  warp.  Between 
every  pair  of  pins  a  footing  division  of  the  warp  is  placed,  and  then 
the  cap  is  firmly  fixed  on.  Now  the  footing  rod  is  firmly  set  in  the 
groove  of  the  beam,  and  a  round  of  warp  is  put  on  the  beam  to 
keep  it  in  place. 

The  warp  is  now  ready  for  winding  on.  The  loom  beam  is  turned, 
slowly  at  first,  to  see  that  everything  is  in  proper  balance,  and  then 
the  winding  goes  steadily  on,  the  workman  carefully  watching  that 
the  tension  at  every  part  is  equal  and  that  the  raddle  is  keeping 
the  lines  of  warp  straight  round  the  beam.  When  the  healding  lease 
appears,  the  warp  has  been  wound.  Putting  lease  rods  in  the  place 
of  the  lease  cords,  and  binding  them  tightly  to  prevent  slip,  knock 
the  head  from  the  raddle  and  withdraw  it  from  the  warp.  The  warp 
is  ready  for  the  loom. 

Balloon  and  Beaming  Frame. — The  search  for  labour-saving  de- 
vices in  the  textile  trade  is  unceasing,  and  it  seems  almost  impos- 
sible for  even  the  most  agile  to  keep  pace  with  the  ingenuity  of  the 
machinists.  A  very  simple  and  ingenious  adaptation  of  the  sectional 
warp-dividing  mill  to  combined  beaming  and  warping  has  come  under 
notice  lately.  Say  that  we  are  building  up  a  warp  from  dressed  warp 
on  bobbins,  each  section  4I  in,  broad,  with  62  threads  to  the  inch 
and  279  bobbins  on  the  creel.  In  order  to  lay  those  sections  side  by 
side  on  the  reel  or  swift,  we  have  the  conical  end  to  the  laths.  Other- 
wise, in  attempting  to  lay  the  sections  spirally  on  the  swift  we  should 
mix  up  the  warp  ends  most  confusedly.  When  the  first  length  of 
300  yd.  has  been  laid  on  the  creel,  the  warp  is  cut  ofi^  to  begin  another 
length  of  warp,  leaving  a  sloped  warp  surface,  every  layer  of  which 
is  lying  on  a  horizontal  plane.  Rollers  and  sley  are  moved  4J  in.  to 
the  side,  so  that  we  lay  the  second  length  of  warp,  layer  by  layer,  edge 
to  edge  with  the  first  length.  Continue  this  till  ten  warp  sections  are 
wound.  The  effect  is  that  2790  warp  threads  have  been  laid  evenly 
together  on  the  reel,  with  a  depth  of  62  threads  to  every  inch,  but 
parallel  at  every  point.  The  outer  layer,  it  is  true,  must  be  wider 
than  the  innermost  layer;    but  it  was   not  the   revolution  of  the  reel 
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which  measured  out  the  length  of  each  layer;  the  rollers  performed 
that  ofRce  and  gave  out  precisely  the  same  length  of  yarn  to  the  first 
as  to  the  last. 

Instead  of  doffing  these  chains  and  running  them  by  a  special 
operation  on  to  the  weaving  beam,  the  worsted  manufacturer  at  least 
has  learnt  how  to  wind  the  whole  reel  on  to  the  weaving  beam  directly 
(fig.  218).  At  first  sight  it  seems  impossible  to  run  that  slanted  warp 
on  to  a  straight  beam.  Measure  it  which  way  you  please,  the  warp 
at  the  one  side  or  the  other  must  mount  over  the  flange  of  the  beam. 
The  beam  can  be  moved,  certainly,  but  no  ratio  could  be  established 
between  the  revolution  of  the  beam  and  the  reel  on  the  basis  of  the 
motion  of  the  beam.  Some  other  way  out  must  be  found.  To  some 
one  the  brilliant  idea  occurred  of  making  the  ratchet  motion  on  the 
axis  of  the  beam  depend,  not  on  the  revolution  of  the  beam  itself, 
but  upon  the  revolution  of  the  swift  or  reel.  This  was  found  to  work 
like  a  charm ;  the  lateral  motion  of  the  beam  being  directed  by  the 
length  of  yarn  given  off  by  the  reel,  it  always  keeps  in  a  straight 
line  with  the  warp. 

Another  Combined  Warp  Sizing,  Drying,  and  Beaming  Machine. 
— This  is  a  bold  and  successful  adaptation  of  the  cold-air  sizing  and 
drying  machines  which  raised,  to  disappoint,  such  flattering  hopes 
about  the  year  1874.  The  central  feature  of  the  structure  is  the  air 
chest,  which  is  horizontally  divided  into  three  compartments,  the 
lowest  a  hot  chamber  heated  by  tubular  steam  cylinders;  the  middle 
a  medium  chamber;  and  the  uppermost  a  cool  chamber,  kept  cool 
by  the  blast  of  a  large  fan  at  the  head  of  the  chest.  Rollers  at  both 
ends  of  all  the  chambers  carry  the  warps  through.  The  following  is 
a  description  of  the  machine  (fig.  219)  by  the  makers:  "The  warp  is 
placed  in  the  holding-back  frames,  on  which  is  a  brake  to  regulate 
the  tension.  It  then  passes  full-width  under  the  immersion  roller  in 
the  sizing  trough,  through  the  squeezing  rollers,  and  over  the  compen- 
sating rollers.  It  next  enters  the  top  (cool-air)  chamber,  which  holds 
three  layers  of  warp,  passing  over  ribbed  rollers,  thus  allowing  a 
passage  of  air  under  the  warp,  which  keeps  it  open  and  the  thread 
perfectly  round.  The  warp  passes  into  the  middle  (medium)  cham- 
ber, which  holds  two  layers.  By  the  time  it  has  passed  through 
this  chamber  the  warp  is  nearly  dry,  so  that,  on  entering  the  bottom 
chamber,  which  holds  four  layers,  there  is  no  baking,  as  would  be 
the  case  if  the  warp  was  wet  on  entering,  this  chamber  being  hot 
and    immediately  over  the    steam   pipes.      The  warp   now  passes  out 
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at  the  delivery  end  over  the  split  rollers,  through  an  expanding" 
raddle,  over  the  smoothing  rails,  and  through  the  triple  drawing 
rollers,  which  not  only  draw  the  warp  but  also  hold  it  back  from 
slipping.  The  beaming  arrangement  is  differential,  turned  by  fric- 
tion, having  a  weighted  friction  lever,  depressed  to  suit  hard  or  soft 
beaming,  and  affording  any  tension  required.  The  driving  strap 
passes  through  a  guide,  which  can  be  worked  from  any  part  of  the 
machine,  to  the  strap  pulleys — fast,  loose,  and  slow  speeds — turning 
the  machine  by  a  train  of  change  pinions,  varying  the  speed  to  suit 
light  or  heavy  warps.  The  drawing  rollers  at  the  beaming  end  are 
turned  from  the  side  shaft,  which  also  turns  the  sizing  roller  by  a 
back  gear  shaft,  having  change  wheels  to  vary  the  speed  of  the 
sizing  roller  to  suit  shrinkage  of  various  warps.  On  the  top  of  the 
machine,  at  the  delivery  end,  is  fixed  an  exhaust  fan,  which  draws  the 
air  over  the  heating  pipes  through  the  machine,  and  exhausts  through 
the  roof,  window,  or  other  convenient  place.  The  warp  is  drawn  through 
the  machine  in  the  opposite  direction,  so  that  it  never  comes  in  contact 
with  any  damp  air.  At  meal  hours,  or  any  other  stopping  times,  the 
warp  can  be  wound  out  of  the  sizing  trough,  the  slack  being  taken 
up  by  the  compensating  rollers  outside  the  machine,  and  lowered  down 
again  when  the  machine  is  started." 

There  are  also  machines  which  combine  all  four  operations  in  auto- 
matic succession;  but  we  can  learn  nothing  new  from  these;  they  are 
nothing  more  than  the  separate  machines  geared  together,  with  obvious 
savings  of  mechanism  here  and  there.  Many  very  good  warping 
machines  have  not  been  noticed;  but  where  so  many  are  excellent, 
attention  is  directed  rather  to  typical  examples  than  to  special  qualities 
in  machines. 
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CHAPTER    I  . 
The  Plain  Loom  and  its  Development 

The  Idea  of  Weaving. — Every  kind  of  mechanical  manufacture 
begins  in  a  handicraft,  based  on  a  single  principle,  the  process  most 
commonly  consisting  of  a  single  action  variously  repeated.  When  this 
root  principle,  or  mother  idea,  has  been  fully  comprehended,  analysis  of 
the  process  is  easy;  it  is  the  key  to  the  enigma,  the  ground  plan  of  the 
labyrinth.  Having  put  the  idea  in  its  place,  we  find  that  the  whole 
succession  of  operations  falls  into  regular  sequence,  and  the  connection 
of  each  with  each  becomes  clear.  Mechanical  development  and  con- 
tinuous improvement  in  any  industry  depend  almost  wholly  upon  the 
degree  in  which  the  root  principle  of  the  original  handicraft  has  been 
observed  and  understood.  Be  our  knowledge  of  mechanical  action  ever 
so  deep,  our  machines  ever  so  nearly  automatic,  the  springs  of  progress 
are  in  the  principle  which  first  became  embodied  in  the  handicraft.  We 
dare  not  cut  ourselves  away  from  the  past  history  of  our  industry  even 
if  we  would. 

Many  examples  might  be  given  of  arts  and  crafts  which  have 
perished  because  memory  of  the  fundamental  principle  had  not  been 
kept  alive.  More  to  our  purpose,  however,  would  be  a  comparison  of 
the  different  effects  upon  the  development  of  any  industry  of  improve- 
ments based  upon  principle,  on  the  one  hand,  and  on  the  other,  the 
improvements  effected  by  imitation  without  understanding  the  prin- 
ciple of  the  process.  Arguing  on  mere  probability,  it  might  be  said 
that  such  a  comparison  is  impossible;  but  a  very  slight  knowledge 
of  the  history  of  invention  enables  one  to  defy  probability,  and 
show  that  fact  so  far  transcends  the  probable  as  to  present  numerous 
instances  of  successful  invention  by  persons  totally  unconnected  with 
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the  industries  to  which  their  contrivances  have  been  appHed.  The 
invention  which  is  probably  the  most  original  ever  contrived,  the 
knitting  frame,  was  made  by  a  man  who  had  been  educated  for  the 
Church  and  totally  unconnected  with  any  mechanical  pursuit  what- 
ever. Nor  need  we  go  far  for  further  proof.  The  difference  between 
progress  built  upon  a  thorough  comprehension  of  the  root  principles 
of  an  industry,  and  innovation  springing  from  a  less  than  complete 
understanding  of  the  idea  upon  which  the  operations  are  based, 
may  be  illustrated  by  reference  to  the  history  of  the  two  main  sections 
of  textile  manufacture,  spinning  and  weaving.  Because  Arkwright 
apprehended  by  his  genius  the  root  principle  of  spinning,  he  was 
able  to  revolutionize  the  whole  process  of  yarn  manufacture.  Find- 
ing that  the  basis  of  all  spinning  is  the  twofold  act  of  drawing  and 
twisting,  he  concentrated  the  successive  operations  in  the  cotton- 
spinning  factory  upon  the  efficient  fulfilment  of  that  end.  Keeping  to 
the  root  idea,  Arkwright  not  only  made  a  great  advance  himself  on  all 
previous  practice,  but  also  enabled  others  to  proceed  further  on  the 
same  lines.  Edmund  Cartwright,  on  the  contrary,  started  to  devise 
a  weaving  machine  upon  the  knowledge  derived  from  study  of  a  piece 
of  cloth.  He  failed,  and  even  after  success  came  from  more  accurate 
observation,  his  power  loom  was  little  more  than  a  very  ingenious  imi- 
tation of  a  hand  loom.  We  are  not,  at  the  present  moment,  discussing 
Cartwright's  genius  nor  the  great  good  he  wrought  for  the  textile 
industry.  Because  the  power  loom  was  merely  an  imitation  of  the 
hand  loom,  no  great  advance  in  cloth  manufacture  was  forwarded  by  it. 
Through  a  long  succession  of  inventions,  the  imitation  hand  loom  has 
been  slowly  perfected ;  but  no  revolutionary  change  has  come  as  yet. 
It  is  believed  by  many  that  we  are  now  on  the  eve  of  new  and  important 
developments  in  the  weaving  industry.  When  the  universal  automatic 
weaving  machine  has  been  made  practical,  weaving  shall  have  been 
brought  to  the  point  at  which  spinning  arrived  when  the  self-actor  mule 
came  into  existence. 

Searching  for  the  weaving  idea,  we  find  it  everywhere  under  the 
surface  of  things.  Vegetable  and  animal  tissues  are  formed  by  a  kind 
of  weaving.  But  these  operations  of  nature  are  vital,  while  ours  are 
mechanical.  Examples  of  a  mechanical  kind,  however,  are  to  be  found 
in  what  we  call  the  world  of  nature.  Many  animals  and  all  nesting 
birds  weave  the  fabrics  they  require ;  the  spider  is  spinner  and  weaver 
in  one.  But  only  in  the  human  mind  has  the  weaving  idea  become 
self-conscious,   adaptable,   locomotive,   developing.     Man   has   utilized 
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the  principle  for  something  more  than  his  actual  need;  he  has  made 
it  serve  desires  not  necessary  to  his  preservation. 

Because  a  natural  growth,  a  common  possession,  the  weaving  idea 
had  no  originator;  even  the  loom  had  no  inventor,  but  was  a  social  pro- 
duct, the  form  of  it  being  moulded  by  the  conditions  of  the  community. 
This  social  origin  of  weaving  has  given  investigators  of  the  past  con-v 
siderable  trouble.  Searching  for  a  single  source,  they  always  came,  in 
the  traditions  of  every  race  which  had  a  long  history  of  the  loom,  upon 
the  name  of  some  god,  demigod,  or  hero  as  the  original  giver  of  the 
loom.  In  many  dark  regions,  too,  they  found  undoubted  looms  and 
woven  fabrics,  evidently  originated  on  the  very  spot.  In  this  connec- 
tion it  is  worthy  of  note  that  weaving  is  not  native  to  the  British  Isles; 

the  loom  is  an  im- 

,  1234567 

portation;   no  god-        ^  [»_      ^^^      ,  |_^      ^^^  ^ 

like  ancestor  of  our  ~ 

race  can  be  credited 
with  its  contriv- 
ance; yet  the 
greatest  weavers  in 
the  world  are  the 
British  people.  On 
the     other     hand, 

races  of  unknown  origin,  dwelling  in  the  wilds  of  India  and  the  dense 
forests  of  Africa,  have  developed  weaving  as  a  domestic  art.  We  can 
therefore  no  longer  hold  to  the  notion  of  a  single  original  weaver  or 
weaving  inventor;  weaving  has  been  originated  scores  of  times;  the 
loom  has  been   invented  by  a  hundred  savages. 

Amid  such  a  tangle  of  uncertainties  it  is  almost  rash  to  predicate 
anything  as  certain ;  but  we  have  good  grounds  for  believing  that  the 
earliest  forms  of  woven  fabric  were  fishing  nets,  mats,  hammocks,  and 
baskets.  A  glance  at  these  may  show  us  the  most  essential  characteris- 
tics of  weaving. 

Basket  makers  still  name  their  work  weaving.  Analysing  the  side 
of  a  common  square  basket,  of  simple  structure,  we  see  that  the  skeleton 
has  first  been  made  of  so  many  upright  sticks  placed  at  a  uniform  dis- 
tance apart;  across  these  osier  rods  have  been  plaited  one  above  the 
other  in  a  regular  manner  (fig.  220).  Rod  No.  i  has  been  placed  be- 
hind stick  No.  I,  brought  through  between  it  and  the  next,  and  bent 
through  between  sticks  Nos.  2  and  3.  Along  its  whole  length,  the 
osier  is  twisted  alternately  before  and  behind  an  upright  stick.     Osier 


Fig.  220. — Rough  Basket  Structure 
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No.  2,  placed  close  to  No.  i,  has  been  twisted  in  the  same  manner, 
but  in  the  contrary  direction.  It  has  been  passed  in  front  of  upright 
No.  I  and  behind  upright  No.  2,  and  so  on  throughout  the  series.  The 
third  osier  has  passed  through  the  same  course  as  No.  i,  and  No.  4 
osier  follows  the  example  of  No.  2.  The  upright  sticks  form  the  basis 
^upon  which  the  osier  rods  have  been  twisted;  but  the  osiers  hold  them 
in  position,  therefore  the  service  is  mutual.  Every  osier  having  passed 
round  the  sticks  in  front,  when  the  one  next  it  has  passed  round  behind 
the  sane  sticks,  each  one  must  cross  its  neighbour  between  the  sticks. 
Thus  a  solid  fabric  has  been  formed  of  the  combined  osiers.  In  this 
kind  ol  basket  weaving  the  upright  sticks  cannot  be  covered,  but  appear 
between  every  two  lines  of  rod,  for  the  one  which  passes  before  is  either 
above  or  below  that  which  passes  behind  the  stick,  so  that  a  space  equal 
to  the  breadth  of  the  osier  is  bare  either  on  the  one  side  or  the  other. 
Basket  makers  have  various  ways  of  covering  the  sticks,  but  these  do 
not  concern  us;  the  fact  noted  is  of  some  importance  to  the  student  of 
weaving. 

Mat  making  was  for  a  long  time  regarded  as  the  parent  of  weaving, 
and  it  may  have  preceded  weaving  in  certain  localities;  no  one  can  dog- 
matize on  the  subject.  Mats  have  been  made  of  rushes,  broad  grasses, 
strips  of  bamboo,  and  other  materials.  The  aim  of  the  primitive  mat 
maker  was  to  make  a  sheet  of  such  strips  of  vegetable  matter  as  he 
found  ready  to  his  hand.  Having  dried  the  fibres,  the  mat  maker 
arranged  one  part  of  them  side  by  side  to  the  breadth  of  the  mat 
required,  generally  utilizing  the  whole  length  of  the  fibres.  Then  he 
tied  each  end  of  the  fibres  to  a  stick,  and  suspended  the  whole  either 
vertically  or  horizontally,  so  as  to  keep  the  fibres  straight,  even,  and  in 
the  same  plane.  Next  he  took  a  single  withe,  or  strip  of  fibre,  and  tied 
the  end  round  the  first  of  the  straight  fibres;  he  then  passed  it  over  and 
under  every  alternate  fibre.  If  his  skein  was  long  enough,  he  returned 
the  opposite  way,  passing  over  the  fibres  he  had  passed  under  on  the 
first  journey.  Thus  he  continued  to  fill  up  the  whole  length  of  the 
stretched  fibres,  and  formed  a  solid  sheet. 

The  advance  of  the  mat  maker  on  the  basket  maker  in  forming  a 
solid  sheet  is  slight,  but  important.  The  fibres  are  flexible,  and 
mutually  bend,  reducing  the  interstices  caused  by  the  crossings  to  a 
minimum.  By  drawing  the  crossing  fibres  tightly,  and  working  them 
closely,  the  spaces  can  be  further  reduced.  Even  after  the  mat  maker 
has  done  his  best,  however,  the  surface  of  the  sheet  of  rushes  or  withes 
must  be  irregular,  and  open  to  wind  and  water. 
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Though  generally  considered  an  advance  on  the  foregoing,  the 
making  of  nets  seems  to  us  more  primitive  than  either.  Savage  tribes, 
absolutely  naked  and  sheltering  in  hollows  of  rocks  and  trees,  have 
possessed  nets.  It  is  true  that  net  making  resembles  knitting  rather 
than  weaving;  but  the  latter  owed  something  to  the  former,  in  several 
ways  quite  traceable.  Looking  at  the  net  structure,  we  see  the  longi- 
tudinal and  the  crossing  threads.  Instead  of  being  merely  crossed, 
however,  the  threads  are  knotted.     The  crossing  needles  of  those  early 


Fig.  221. — Hammock-making  in  Guiana  (after  Eugene  Andr^e) 


fishers,  made  of  bone  or  wood,  suggest  strongly  the  form  of  the  modern 
weaving  shuttle.  The  long  threads,  composed  of  twisted  fibres,  or 
spun  threads,  were  stretched  in  a  suspended  position,  or  held  taut  by 
a  loop  round  the  foot  of  the  net  maker,  and  the  crossing  thread,  wound 
on  the  needle,  passed  rapidly  round  and  knotted  over. 

Equally  primitive  and  authentic  is  the  weaving  of  hammocks  which 
Eugene  Andree  describes  as  practised  among  the  Polynesians  at  the 
present  day.  These  natives  form  ropes  of  cotton  wool,  by  the  same 
method  as  we  have  already  described  in  our  sketch  of  early  spinning. 
Wound  up  in  balls,  the  ropes  are  paid  out,  first  to  form  the  longi- 
tudinal threads,  and  fastened  on  two  trees  a  few  feet  apart.  Then  the 
crossing  threads  are  knotted  round  the  stretched  ropes,  and  a  strong 
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hammock  formed  (fig.  221).  It  is  easy  to  see  how  the  advance  from 
the  netting  of  fishing  net  or  hammock  to  the  woven  fabric  could  be 
made.  Examples  of  fabrics  made  on  that  principle  are  found  among 
many  barbarous  tribes.  Closing  the  meshes,  by  reducing  the  spaces 
between  the  crossing  and  longitudinal  threads,  a  fabric  of  some  weight 
and  solidity  was  obtained. 

Looking  now  at  the  main  features  of  all  those  operations,  we  observe 
several  points  of  similarity.  In  every  case  there  are  what  may  be  called 
foundation  sticks,  fibres,  or  threads,  which  are  always  spoken  of  as 
being  crossed  and  enclosed  by  other  rods,  fibres,  or  threads.  We  can 
view  either  the  longitudinal  fibres  as  the  main  structure  and  the  cross- 
ing fibres  as  filling,  or  the  cross  fibres  as  the  body  of  the  fabric  and  the 
fibres  stretched  lengthwise  as  the  supports.  In  any  case,  both  are 
evidently  necessary.  Another  common  feature  of  these  structures  is  the 
twining  of  the  crossing  fibres  upon  the  longitudinal  fibres,  though  it  is 
accomplished  in  different  ways.  Each  crossing  thread  in  the  netting  is 
knotted  round  the  thread  stretched  lengthwise.  Contrarily,  each  cross- 
ing thread  of  the  other  fabrics  only  goes  halfway  round,  passing  over 
front  and  back  alternately,  the  complete  circle  being  made  by  another 
thread  crossed  in  the  opposite  way.  If  all  the  crossing  threads  were 
passed  over  and  under  alternate  longitudinal  threads  and  always  in  the 
same  direction,  the  fabric  would  not  hold;  it  would  not,  indeed,  be 
a  fabric  at  all,  but  merely  two  sets  of  threads  crossed  over  each  other  in 
a  very  intimate  but  useless  manner.  The  root  idea  of  weaving,  there- 
fore, is  the  production  of  a  fabric  by  means  of  two  sets  of  reeds,  osiers, 
fibres,  ropes,  or  threads,  twined  alternately  under  and  over  each  other 
on  the  same  plane. 

Four  is  the  minimum  number  of  threads  which  can  be  woven,  for 
there  must  be  alternation  both  lengthwise  and  across.  We  have  several 
reasons  for  making  this  very  clear,  and  therefore  take  pains  to  work  it 
out.  Let  us  select  four  slips  of  paper  and  number  them  i,  2,  3,  4, 
allowing  the  two  first  to  lie  in  the  same  direction  and  the  two  second  to 
be  placed  across  them.  Place  No.  3  over  i  and  under  2 ;  lay  No.  4 
under  i  and  over  2.  All  four  have  a  grip  upon  each  other.  It  is  true 
that  if  left  so  no  really  permanent  condition  would  be  established ;  but 
it  is  also  evident  that  we  have  there  the  beginning  of  a  fabric.  Take 
away  any  one  of  the  four  and  the  whole  falls  away.  Observe,  also,  that 
the  whole  four  slips  are  equal.  No.  i  might  be  named  No.  4,  and  all 
the  other  numbers  changed,  without  in  the  least  altering  their  relations. 
Either  of  the  two  sets  might  be  called  warp,  or  the  longitudinal  threads, 
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and  either  might  be  called  weft,  or  the  crossing  threads.  The  tradi- 
tional notion  of  the  weaving  trade  is  that  the  warp  is  the  skeleton,  or 
bone,  of  the  fabric,  while  the  weft,  or  crossing  yarn,  is  the  covering  or 
skin.  But  there  we  see  the  two  sets  of  threads  are  equally  sustaining 
and  covering.  It  is  commonly  said  that  weft  crosses  over  warp,  but  it  is 
equally  the  fact  that  warp  crosses  over  weft.  Industrial  traditions  tend 
to  narrowness,  and  we  should  try  to  lay  our  foundations  as  broadly  as 
possible. 

Warp  and  Weft. — Weavers  have  always  found  it  most  convenient 
to  make  a  cloth  extend  in  the  length  rather  than  in  the  breadth.  Con- 
sidered abstractly,  we  can  see  no  reason  why  this  should  be  so.  A  long 
narrow  cloth  requires  just  the  same  amount  of  yarn  as  a  short  broad 
cloth,  if  both  are  of  equal  area  and  texture.  But  the  fact  has  been  so, 
and  it  has  powerfully  moulded  the  whole  industry.  Certain  fabrics, 
such  as  carpets  and  shawls,  have  been  made  square,  thus  breaking 
through  a  traditional  practice.  As  cloth  manufacture  has  been  de- 
veloped, however,  we  demand  continuous  lengths  of  fabrics.  To 
maintain  the  continuity  required  one  set  of  the  threads  composing  the 
cloth  must  be  continuous.  Therefore  one  set  of  the  threads  is  wound 
on  a  beam  and  hung  lengthwise  on  the  loom,  while  the  other  set  is  kept 
separate  and  inserted  crosswise  into  the  fabric.  The  first  set  is  named 
chain,  ends,  web,  or  warp;  the  second  set  has  been  called  filling,  or 
weft. 

On  the  primitive  loom  the  warp  was  sometimes  hung  vertically,  but 
more  commonly  horizontally.  It  is  supposed  by  some  authorities  that 
the  most  primitive  position  was  vertical,  and  engravings  copied  from 
ancient  monuments  seem  to  confirm  the  idea  (fig.  222).  We  think  it 
highly  probable.  We  can  imagine  no  more  convenient  arrangement 
than  the  warp  beam  slung  above  the  head  of  the  weaver,  and  the  cloth 
beam  on  a  level  with  his  hands,  enabling  him  to  work  the  weft  in 
and  out  through  the  warp  ends  held  taut  on  the  suspended  beams. 

At  some  time  in  the  unknown  development  of  the  industry  it 
occurred  to  a  weaver  that  much  of  the  labour  of  twisting  and  twining 
the  filling  was  quite  needless.  He  perceived  that,  if  the  warp  ends 
could  be  bent  over  the  weft  threads,  the  same  purpose  would  be  effected 
and  with  less  trouble.  The  weft  was  passed  over  and  under  the  warp 
alternately ;  if  the  warp  ends  to  be  passed  over  could  be  depressed  and 
the  weft  thread  passed  through  the  opening  thus  made,  the  whole 
operation  would  be  done  at  a  single  stroke.  One  of  these  inventors, 
whose  successors  are  working  his  device  at  the  present  day,  made  cords 
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which  he  looped  in  two  rows  on  the  warp,  the  front  row  on  the  odd  and 
the  second  row  on  the  even  numbers  of  the  warp  ends.  He  gathered 
each  set  of  cords  into  a  bunch,  bound  it  with  a  stronger  cord,  and  made 
a  loop  on  the  end  of  the  cord.  By  drawing  either  cord,  the  weaver 
could  make  an  opening  between  the  alternate  ends  of  the  warp.  In  the 
case  referred  to,  the  weaver  hung  his  warp  horizontally,  and  extending 

lengthwise    from    front 

-^ ^ — ».         to    back,    the   drawing 

cords  hanging  under 
the  stretched  yarn. 
Putting  his  great  toe 
into  a  pendent  loop, 
the  weaver  could  de- 
press whichever  half  of 
the  warp  he  pleased. 
With,  say,  his  right 
toe  he  drew  down  all 
the  odd-number  warp 
ends — I,  3,  5  —  and 
sent  a  weft  thread 
through  the  *'shed" 
thus  created.  Letting 
the  pressure  off,  he 
then  depressed  the  left 
toe,  drawing  down  all 
the  even-number  warp 
ends  —  2,  4,  6  —  thus 
crossing  the  warp  over 
the  weft  and  making  a 
shed  for  the  next  pick 
of  weft. 

The  preliminary 
labour  of  making  all 
those  cords,  looping,  passing  the  warp  ends  through,  and  knotting  all 
the  bunches,  was  very  great.  Once  made,  however,  the  cords  served 
for  scores  of  webs ;  and  after  the  first  drawing  of  the  warp  ends  through 
the  loops  had  been  accomplished,  the  work  of  combining  weft  and 
warp  went  on  apace.  The  cords  were  an  investment  of  capital  which 
yielded  more  than  a  thousand  per  cent  in  return. 

Primitive  Looms. — Having  been  so  long  a  familiar  object,  the  loom 


Fig.  222. — Ancient  Loom  (after  Cipriani) 
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stands  in  danger  of  being  taken  for  granted  without  being  fully  under- 
stood. For  that  reason  we  treat  the  whole  weaving  operation  as 
though  it  had  never  been  known  before.  Only  by  getting  outside  of 
our  everyday  experience  can  we  learn  the  principles  which  underlie 
common  objects  and  familiar  operations. 

By  slow  stages,  hidden  in  the  deeps  of  unknown  time,  the  weaver 
developed  what  we  now  know  as  the  loom.  The  most  primitive  of 
cloth  weavers  now  known  requires  a  warp  beam,  a  cloth  beam,  shed- 
ding apparatus,  and  some  form  of  weft  carrier.  The  warp  beam  may 
only  be  the  branch  of  a  tree,  and  the  cloth  beam  the  same ;  the  warp 
ends  may  only  be  roughly  wound  on  the  beam ;  but  they  serve.  Even 
in  its  crudest  form  the  weaving  machine  displays  ingenuity  and  a 
measure  of  complexity  hardly  to  be  expected  in  the  appliances  of 
the  lower  races  of  mankind  by  whom  it  has  been  utilized  for  cen- 
turies. 

From  the  descriptions  of  travellers  and  the  specimens  to  be  seen 
in  European  museums  it  is  possible  to  reconstruct  this  crude  old  loom. 
The  warp  beam  was  slung  on  two  posts  driven  firmly  into  the  ground, 
or  on  the  branches  of  two  convenient  trees,  the  ends  resting  in  a  groove 
which  allowed  the  beam  to  turn,  while  keeping  it  in  place.  At  a  dis- 
tance of  from  2  to  3  yd.  another  beam  was  hung  similarly,  to  take 
on  the  woven  cloth  and  hold  the  warp  taut.  Letting  off  as  much  warp 
as  he  required,  the  weaver  passed  the  ends  through  the  bunches  of 
loops,  being  careful  to  insert  alternate  ends  in  alternate  sets  of  cords. 
This  done,  he  carefully  drew  out  the  warp  and  fixed  the  ends  in  the 
body  of  the  cloth  beam.  Wound  upon  a  long  stick,  or  kind  of 
crotcheting  bone,  the  weft  was  ready  for  working.  Seated  in  front 
of  this  contrivance,  the  weaver  drew  down  one  set  of  cords  with  his 
foot,  to  form  a  shed,  and  passed  the  weft  stick  through  to  the  other 
side;  reversing  the  warp  by  pulling  the  other  set  of  cords,  he  sent 
the  weft  through  again.  Warp  and  weft  were  thus  combined  and 
a  fabric  woven.  Crude  as  that  appliance  was,  it  contained  all  the 
principles  of  the  highest  form  of  loom. 

Quite  plainly,  however,  that  loom  was  defective  in  many  mechan- 
ical respects.  Two  things  were  remedied  before  the  historical  period 
in  either  Egypt  or  India.  The  warp-shedding  apparatus  was  given 
a  solid  and  more  regular  form,  and  a  method  of  beating  in  the  weft 
was  devised.  The  warp-drawing  cords  were  tied  to  a  pair  of  wooden 
slats;  the  loop  on  each  cord  was  made  in  the  middle  of  its  length 
between  the  slats;    the  pair  of  sets  of  cords  became  a  pair  of  healds 
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(fig.   222).      A  traveller  of  the  eighteenth  century  thus  described  the 
Hindu  *'tanty",  or  weaver,  at  work: — 

"The  loom  consists  of  two  bamboo  rollers — one  for  the  warp  and 
another  for  the  woven  cloth — and  a  pair  of  heddles  for  parting  the 
warp  in  the  decussation  of  the  woof.  The  shuttle  performs  the  double 
office  of  shuttle  and  lay  for  driving  home  the  parallel  yarns.  It  is 
made  like  a  large  netting  needle,  and  rather  longer  than  the  intended 
breadth  of  the  cloth.  The  tanty  carries  this  rude  apparatus  to  any 
tree  which  may  afford  a  comfortable  shade;  here  he  digs  a  hole 
large  enough  to  receive  his  legs  and  the  lower  part  of  the  gear  or 
treddles;  he  then  stretches  his  warp  by  fastening  his  two  bamboo 
rollers,  at  a  proper  distance  from  each  other,  with  pins  in  the  turf; 
the  heddles  he  fastens  to  some  convenient  branch  of  the  tree  over- 
head; he  inserts  his  great  toes  into  two  loops  under  the  gear  to 
serve  him  for  treddles;  he  finally  sheds  the  warp,  draws  the  weft, 
and  afterwards  strikes  it  up  close  to  the  web  with  his  long  shuttle, 
which  performs  the  office  of  a  batten." 

An  Old  English  Loom. — According  to  Julius  C^sar  the  Celtic 
natives  of  the  British  Isles  were  unacquainted  with  the  art  of  weaving; 
but  we  think  the  great  Roman  was  defective  in  his  observation.  Flax 
was  known  to  have  been  cultivated  in  this  country  long  before  the 
Roman  invasion,  and  it  was  woven  into  cloths,  though  the  form  of 
the  loom  employed  is  quite  unknown  to  us.  Early  in  the  period  of 
Roman  occupation,  probably  about  160  a.d.,  the  invaders  established 
a  cloth  factory  in  Venta  Belgarum,  on  the  site  of  which  the  town  of 
Winchester  now  stands.  After  the  Romans  left,  the  great  mass  of 
the  people  fell  back  into  their  old  barbarism ;  but  here  and  there, 
probably  owing  to  some  of  the  Roman  settlers  preferring  to  stay 
where  they  were,  the  civilized  arts  of  the  imperial  people  continued 
to  flourish.  In  the  rich  county  of  Kent,  especially,  many  centres 
of  culture  remained,  and  there  the  art  of  weaving  was  preserved. 
The  weavers  of  England  must  have  acquired  a  high  degree  of  ability, 
for  Bishop  Aldhelm,  one  of  the  earliest  of  Saxon  Church  dignitaries, 
derived  a  simile  in  one  of  his  essays  from  weaving  operations  he 
appears  to  have  seen  and  with  which  his  readers  were  supposed  to 
be  familiar.  Aldhelm  wrote  of  a  "web  woven  by  shuttles  filled  with 
threads  of  purple  and  many  other  colours,  flying  from  side  to  side, 
and  forming  a  variety  of  figures  and  images".  Most  historians  have 
concluded  that  the  reference  was  to  a  fabric  resembling  the  famous 
Bayeux  tapestry;    but  such  an  inference  only  shows  that  those  writers 
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knew  nothing  about  weaving.  The  Bayeux  tapestry,  supposed  to 
have  been  the  work  of  Matilda,  wife  of  William  the  Conqueror,  was 
wrought  by  the  needle,  and  can  by  no  stretch  of  imagination  be 
identified  with  cloths  woven  by  shuttles  containing  threads  of  many 
colours,  "flying  from  side  to  side".  The  poetic  Bishop  of  Sherborne 
accurately,  though  meagrely,  described  a  very  elaborate  weaving  of 
coloured  cloth.  Being  the  occupation  of  the  common  people,  who 
were  esteemed  of  little  account  in  those  times,  weaving  has  left  no 
record,  but  there  can  be  little  doubt  of  its  having  been  practised  to 
a  very  considerable  extent  throughout  the  country. 

Progress  of  English  Weaving. — The  first  historical  note  of  the 
weaving  trade  to  which  the  writers  of  histories  attach  any  value  records 
the  introduction  of  weavers  from  Flanders  by  William  the  Conqueror. 
The  colony  was  settled  in  Carlisle,  but,  the  townspeople  objecting,  they 
were  removed  to  Ross,  in  Herefordshire,  in  the  reign  of  Henry  I. 
During  the  next  two  centuries,  cloth  manufacture  rapidly  grew  in 
importance;  in  the  reign  of  Richard  I  guilds  of  weavers  were  formed 
in  London  and  many  of  the  principal  towns.  About  the  middle  of 
the  thirteenth  century  woollen  manufacture  attained  the  position  of 
being  a  leading  industry.  Beverley,  in  the  north,  gained  renown 
for  russets  and  blues;  Lincoln  was  the  seat  of  scarlet  fabrics;  Totnes 
became  a  great  centre  of  cloth  manufacture.  So  powerful  had  the 
weavers  of  wools  become  in  1261  that  an  act  forbidding  the  export 
of  wool,  and  directing  that  no  woollen  cloth  should  be  worn  except  that 
of  home  make,  was  passed  by  the  King  in  Council.  The  regulation 
was  never  enforced,  but  it  showed  the  power  of  the  manufacturers. 

The  more  we  know  of  the  actual  state  of  matters  at  the  time,  the 
more  we  wonder  that  such  a  regulation  could  have  been  framed. 
England  was  still  a  great  exporter  of  wool,  and  the  fine  cloths  worn 
by  the  ladies  and  the  nobles  could  not  be  woven  by  English  weavers. 
Edward  III,  one  of  the  few  statesmanlike  kings  of  England,  perceived 
the  defect  in  the  English  weaving  industry,  and  in  1331  persuaded  a 
colony  of  Flemish  weavers  to  settle  in  the  country.  "They  estab- 
lished", says  the  historian,  "the  manufacture  of  fine  woollen  cloths, 
which  had  been  before  unknown  in  England.  For  their  protection 
several  statutes  were  enacted,  and  the  use  of  foreign  cloth  was  inter- 
dicted. These  regulations  were  so  successful  that  fulled  woollen  cloth 
soon  became  an  article  of  English  export;  at  the  commencement  of 
the  fifteenth  century  these  goods  formed  a  great  part  of  our  exports, 
and  were  largely  used  in  Spain  and  Italy." 
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From  the  forces  thus  gathered,  the  weaving  industry  of  the  British 
people  sprang  into  vigorous  life,  receiving  from  foreign  sources  new 
elements  of  strength  every  now  and  then.  Linen  was  the  native 
cloth  manufacture,  and  it  continued  to  grow  in  power  till  about  the 
middle  of  the  eighteenth  century.  Refugees  from  Alva's  persecu- 
tions in  the  Netherlands  brought  over  worsted  spinning  and  weaving, 
and  silk  manufacture,  the  latter  having  lived  a  precarious  existence 


Fig.  223. — Plain  Loom  with  Hand  Shuttle 
A,  Warp  beam.       B,  Lease  rods.       c,  Heddles.       D,  Batten  and  reed.       E,  Temple.       F,  Cloth  beam. 


for  a  score  of  years  before.  The  Revocation  of  the  Edict  of  Nantes, 
in  1685,  caused  French  Protestants  to  seek  refuge  in  England,  and 
they  brought  with  them  skill  in  carpet  weaving,  silk  throwing  and 
weaving,  fine  linen  weaving,  and  other  textile  industries.  With 
trifling  exceptions,  the  migration  of  the  Huguenots  was  the  last  of 
the  reinforcements  British  textile  manufacture  received  from  other 
nations.  After  1685  another  set  of  agencies  came  into  action,  agen- 
cies springing  from  the  intellect  and  imagination  of  the  British  people 
themselves. 

Made   and    utilized    by  a   strong,    heavy-handed    race,    the  typical 
British  loom  was  a  solid,  slow-going,  but  reliable  machine  (fig.  223). 
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Supported  on  four  stout  posts,  the  structure  of  the  hand  loom  used  in 
this  country  up  till  about  the  middle  of  the  eighteenth  century  was  a 
simple  affair,  though  much  more  efficient  than  the  loom  of  the  Hindu 
weaver.  The  warp  beam  was  hung  on  brackets,  with  brass  bearings, 
fixed  in  the  sides  of  the  two  hindermost  posts.  Between  the  front  posts 
the  cloth  beam  was  similarly  hung.  On  pulleys  screwed  into  cross  rails 
over  the  head  of  the  frame  the  heddles,  or  healds  as  they  are  now 
named,  were  suspended  by  strong  cords,  double  cords  fastened  to 
the  lower  slats  of  the  healds  holding  up  the  wooden  treadles  by  which 
they  were  operated.  A  feature  not  seen  on  the  primitive  machines 
already  viewed  was  the  square  frame  called  the  batten  frame,  or  slay, 
swung  on  movable  pegs  between  the  healds  and  the  front  of  the  loom. 
The  upper  side  of  the  square  formed  the  axis  of  the  batten ;  the 
lower  side  was  a  hand  rail,  which  crowned  and  protected  the  reed  or 
sley.  Capable  of  being  drawn  to  and  fro  by  the  weaver,  the  batten 
beat  up  the  weft  thread  into  the  shed  of  the  warp.  We  have  only 
to  note  briefly  the  reed  at  this  moment,  its  functions  and  parts  coming 
in  for  special  consideration  when  we  find  it  on  the  looms  at  present 
employed.  Composed  of  fine  strips  of  cane  set  vertically  in  a  frame 
under  the  hand  rail  of  the  batten,  the  reed  divided  the  warp  threads 
into  twos,  or  threes,  or  fours,  as  the  arrangement  might  be,  and 
kept  it  straight  while  driving  home  the  line  of  weft.  From  a  simple 
skein  holder  the  shuttle  was  developed  into  a  small  boatlike,  wooden 
frame  holding  within  it  the  spool  of  weft.  On  a  board  at  the  side 
of  his  loom  the  weaver  placed  his  shuttles.  Taking  one  in  his  right 
hand,  and  shedding  the  warp  by  means  of  the  treadles,  he  passed 
the  shuttle  through  the  shed,  bringing  it  out  at  the  other  side  of 
the  warp  with  his  left  hand,  leaving  a  pick  of  weft  in  the  process. 
When  working  broad  looms,  the  weaver  needed  an  assistant,  some- 
times two,  the  one  to  throw  the  shuttle  through,  and  the  other  to 
catch  it  and  throw  it  back. 

Such,  in  rough  outline,  was  the  old  English  loom.  The  labour 
of  working  it  was  heavy,  and  the  cloth  produced,  even  in  its  best 
days,  was  more  remarkable  for  durability  than  for  fine  quality.  Even 
the  silks  of  that  period  have  a  solid  appearance,  for  which,  we  believe, 
many  old-fashioned  persons  sigh  as  for  a  vanished  glory. 

Kay's  Fly  Shuttle. — One  of  the  inventions  which  have  affected  the 
destinies  of  nations,  the  fly  shuttle,  was  invented  by  a  young  weaver, 
named  John  Kay,  in  the  year  1733.  Though  a  native  of  Bury,  Kay's 
father  had  started  a  woollen  factory  at  Colchester,  and  Kay  succeeded 
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to  the  business  on  his  father's  death.  Determined  to  improve  his 
business,  Kay  sought  to  shorten  the  labour  of  weaving,  and  hit  upon 
the  idea  of  driving  the  weft  shuttle  through  the  shed  of  the  warp 
by  means  of  a  single  stroke.  Knowing  how  difficult  and  slow  was 
the  operation  of  throwing  the  shuttle  by  hand,  Kay  had  every  reason 
to  hope  that,  if  he  succeeded  in  making  his  idea  practical,  fame  and 
fortune  were  his.  To  the  base  of  the  sley  the  inventor  fixed  a  smooth 
shelf  of  wood,  now  known  as  the  race\  projected  at  each  end  of  this 
shelf  he  placed  shuttle  boxes.  His  chief  problem  was  how  to  obtain 
the  momentum  necessary  for  driving  a  heavy  shuttle  at  one  stroke 
through  the  whole  breadth  of  the  warp.  The  device  adopted  displayed 
remarkable  practical  genius.  Through  the  centre  of  the  shuttle  box, 
and  above  the  level  of  the  shuttle,  he  fixed  a  strong  wire,  the  one 
end  being  secured  in  the  framing  of  the  box,  and  the  other  by  a 
bridge  across  its  mouth.  Upon  the  wire  Kay  threaded  the  small  block 
of  wood,  which,  in  its  improved  form,  is  now  known  as  the  picker. 
Drilled  to  run  easily  upon  the  wire,  the  lower  end  of  the  picker 
extended  almost  to  the  bottom  of  the  shuttle  box,  and  to  the  upper 
side  a  cord  was  fastened.  Both  shuttle  boxes  were  equipped  alike, 
and  the  cords  from  the  pickers  terminated  in  a  handle  at  the  middle 
of  the  loom.  To  fit  it  for  his  purpose,  Kay  made  the  shuttle  finer 
and  stronger,  and  gave  it  a  sharp  point.  Placing  the  shuttle  in  the 
box,  with  the  picker  at  the  extreme  end  and  at  the  back  of  the  shuttle, 
the  inventor  drew  the  handle  with  a  firm  jerk,  the  cord  causing  the 
picker  to  come  against  the  shuttle  with  a  sharp  blow,  sending  it  flying 
along  the  race  and  into  the  shuttle  box  on  the  other  side  of  the  warp. 

Few  inventions  have  come  before  the  world  so  perfectly  practicable 
as  this  of  the  fly  shuttle,  and  few  have  been  so  productive  of  great 
consequences.  Kay's  experience  as  a  reedmaker,  the  work  in  which 
he  had  specialized  before  taking  charge  of  his  father's  factory,  enabled 
him  to  gauge  exactly  the  proportions  and  shapes  required  for  the 
race  and  shuttle  boxes. 

As  soon  as  he  had  brought  out  his  patent,  Kay  was  assailed  by 
the  whole  weaving  trade.  Masters  and  journeymen  alike  denounced 
the  invention  as  ruinous  to  the  industry.  It  would  throw  many  out 
of  employment,  they  said,  and  reduce  the  prices  of  goods  below  the 
proper  values,  and  so  injure  all  connected  with  the  trade.  So  fierce 
was  the  animosity  raised  against  him  in  Colchester  and  the  South  of 
England,  that  he  gave  up  business  and  migrated  to  Leeds,  where  he 
began  life  again,  as  a  mill  engineer  and  reedmaker.     Yorkshire  woollen 
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weavers  were  not  slow  to  understand  the  great  gain  to  be  made  by 
using  Kay's  patent  fly  shuttle  and  apparatus.  Once  seen  and  under- 
stood, the  invention  was  easily  imitated,  and  the  manufacturers  of 
the  West  Riding  adapted  their  looms  to  the  fly  shuttle  with  great 
alacrity;  but  they  unanimously  refused  the  inventor  either  fee  or 
reward.  With  a  shamelessness  Dick  Turpin  might  have  envied,  they 
formed  what  were  called  "shuttle  clubs",  to  provide  funds  and  sup- 
port for  any  one  of  their  number  who  might  be  proceeded  against  by 
the  inventor  in  the  assertion  of  his  right.  Kay's  invention  was  proven 
to  be  original  in  every  material  particular;  of  the  validity  of  his 
patent  no  authority  ever  expressed  the  merest  shadow  of  a  doubt; 
he  never  lost  a  case  when  he  proceeded  against  a  manufacturer  for 
infringement;  yet  fraud  and  cunning  gained  the  victory.  Against 
opponents  so  numerous,  so  determined,  united,  and  elusive,  the  great 
inventor  had  no  chance.  Impoverished  by  numerous  lawsuits,  he  gave 
up  the  struggle,  retired  to  Bury — his  native  town — and  there  sought 
work  as  a  machinist  and  millwright.  Weaving  narrow  cloths,  the 
cotton  manufacturers  of  Lancashire  paid  little  attention  to  Kay's  fly 
shuttle,  the  utility  of  which  they  failed  to  appreciate.  But  Kay  found 
his  fellow  townsmen  deeply  agitated  about  prospective  inventions  of 
spinning  machines.  Surrounded  by  such  an  atmosphere,  Kay  could 
hardly  help  being  impelled  to  try  his  hand  at  devising  a  spinning 
machine.  After  several  serious  failures,  he  at  last  made  a  practical 
machine,  anticipating,  in  some  particulars,  the  contrivances  of  both 
Arkwright  and  Crompton;  but  his  success  again  brought  ruin  upon 
him.  The  spinners  were  alarmed  at  the  prospect  of  machines  being 
invented  to  supersede  their  craft,  and  every  now  and  then  scoured  the 
whole  country  in  riotous  mobs,  destroying  every  semblance  of  a 
spinning  machine  they  could  discover.  Kay's  inventive  genius  was 
well  known,  and  he  was  closely  watched.  Just  when  the  machine  was 
built,  the  spinners  gathered  in  a  great  crowd  round  his  house,  and 
demanded  both  the  machine  and  the  inventor.  Had  they  found  Kay, 
the  rioters  would  have  killed  him;  but  he  was  smuggled  out  of  the 
house  in  a  wool  sheet,  and  escaped.  From  that  time,  however,  the 
inventor  was  a  marked  man,  and  his  life  was  constantly  threatened. 
He  was  driven  at  last  to  take  refuge  in  France.  At  the  time  the 
relations  of  this  country  and  France  fluctuated  between  secret  quarrel 
and  open  war.  Kay  accordingly  sought  the  protection  of  the  British 
Ambassador  in  Paris.  On  the  advice  of  this  gentleman  the  wearied 
refugee  drew  up  a  memorial  to  the  British  Government,  praying  for 
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some  substantial  recognition  of  his  services  to  the  industries  of  the 
country,  and  went  over  to  London  to  present  it  in  person.  His  petition 
was  unanswered,  the  Government  of  the  day  being  occupied  with 
troubles  and  embarrassments  of  its  own.  After  spending  some  months 
in  London,  vainly  attempting  to  obtain  justice,  or  at  least  some  con- 
sideration of  his  claims,  Kay  returned  to  Paris,  weak,  dispirited,  and 
in  dire  poverty.     He  died  in   1764,  worn  out  with  privation. 

Effects  of  the  Fly  Shuttle. — The  effect  of  the  fly  shuttle  upon  the 
loom  and  the  whole  of  textile  manufacture  was  almost  magical.  Though 
small  compared  with  the  rest  of  the  loom,  the  fly-shuttle  apparatus 
really  added  another  half  to  the  machine  and  quadrupled  its  productive 
capacity.  On  the  old  loom  there  were  two  main  parts,  the  shedding 
and  heating-np  motions.  The  new  apparatus  associated  with  itself  the 
beating-up  motion  and  added  on  the  shuttle-throwing,  which  was 
performed  separately  by  the  weaver.  Governed  by  a  mechanism 
which,  in  the  hands  of  a  deft  worker,  was  absolutely  uniform  in  every 
stroke,  the  weft  was  laid  in  smoothly  and  regularly,  imparting  to  the 
surface  of  the  cloth  a  quality  it  never  before  possessed  except  at  cost 
of  very  thorough  finishing.  Free  to  weave  straight  on,  the  weaver 
could  not  only  produce  more  quickly,  but  was  also  able  to  give  more 
attention  to  the  pattern  and  quality  of  his  cloth.  On  every  side,  in 
fact,  the  fly  shuttle  was  a  new  spring  of  higher  development  in  the 
weaving  industry. 

Though  we  have  more  than  hinted  disapproval  of  the  extravagance 
of  those  who  have  asserted  that  the  fly  shuttle  was  the  chief  cause  of 
the  developments  of  mechanical  spinning  which  took  place  about  the 
same  time  as  it  was  brought  into  use,  there  can  be  little  doubt  that 
Kay's  invention  helped  greatly  to  forward  spinning  invention,  and 
powerfully  acted  in  nullifying  the  anti-machinery  agitations  of  the 
spinners.  After  the  fly  shuttle  came  into  use  in  the  cotton-weaving 
factories,  about  1760,  a  dearth  of  yarns,  amounting  almost  to  a  famine, 
took  place.  The  spinners  found  themselves  utterly  unable  to  cope 
with  the  demand;  to  preserve  themselves,  the  manufacturers  were 
forced,  at  any  risk,  to  utilize  the  spinning  jenny  and  whatever  other 
spinning  engines  were  then  being  devised  by  ingenious  inventors. 

The  Plain  Loom. — Local  circumstances,  and  a  particular  kind  of 
fibre  or  class  of  fabric,  may  give  a  special  form  to  the  hand  loom 
employed  in  different  countries  and  even  in  various  localities  of  one 
country.  Generically,  however,  there  is  only  one  plain  hand  loom, 
and  all   others  have  sprung  from   it,   taking  on  variations  under  the 
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influence  of  special  causes.  As  a  basis  for  the  study  of  all  forms  of 
weaving  machines,  we  can  hardly  do  better  than  pay  detailed  attention 
to  each  part  of  the  plain  loom.  It  is  a  remarkable  fact  that  no  essential 
part  of  this  loom  has  been  discarded;  every  detail  of  it  will  be  found 
in  the  most  elaborate  and  mechanically  perfect  of  power  looms.  We 
shall  examine  it  in  the  following  parts:  i,  the  warp  beam;  2,  the  healds 
and  shedding  apparatus \  3,  the  batten^  with  reed;  4,  the  shuttles  and 


tig.  224. — Plain  Loom 


fly  mechanism,  with  the  shuttle  boxes;  5,  the  temples;  6,  the  cloth  beam, 
and  taking-up  appliances. 

Warp  Beam. — When  the  warp  comes  from  the  hands  of  the  beamer 
it  is  ready  for  laying  on  to  the  loom ;  the  ends  are  knotted  and  the 
lease  rods  firmly  tied,  to  keep  the  leasing  secure.  A  solid  log  of  wood, 
the  beam  has  iron  axles  firmly  fixed  in  the  ends,  and  these  fall  into 
the  slotted  bearings  of  the  loom  frame.  Weaving  beams  vary  in  shape; 
some  are  made  smooth  and  perfectly  round;  others  are  hexagonal,  to 
give  the  beam  a  grip  on  the  warp;  others  are  covered  with  shallow 
and  narrow  flutings  for  the  same  purpose.     Another  common  feature, 
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which  may  be  adapted  to  the  ideas  of  the  weaver,  consists  in  the 
grooves  round  the  beam  at  both  ends.  Some  beams  have  one  groove 
at  each  end,  others  two  grooves,  and  others  double  grooves  at  one 
end  only.  Old-fashioned  heavy  woollen  looms  have  beams  with  two 
grooves  on  each  end,  the  object  being  to  wind  on  strong  ropes, 
weisfhted  at  the  ends.  Wound  on  windlass  fashion,  so  that  as  one 
end  came  off  the  other  wound  on,  the  ropes  were  weighted,  the  weights 
being  adjusted  so  as  gradually  to  decrease  the  drag  upon  the  beam. 

At  the  start  the  longer  lever  was  on 
the  lighter  weight;  gradually  the 
positions  were  reversed,  the  heavier 
weight  getting  the  longer  rope.  To 
maintain  the  balance  of  the  loom, 
both  ends  of  the  beam  were  weighted 
alike. 

A  twofold  purpose  is  served  by 
the  ropes  and  weights ;  the  letting  off 
of  the  warp  is  strictly  regulated,  and 
the  warp  is  at  the  same  time  kept  at 
an  even  tension.  As  the  warp  lightens 
on  the  beam,  a  lesser  weight  is  re- 
quired to  maintain  the  balance,  for 
the  cloth  beam  is  constantly  draw- 
ing the  warp  to  itself,  and  a  certain 
measure  of  resistance  is  needed  to 
regulate  the  length  drawn  on. 

We  shall  presently  show  the  im- 
portance of  the  proper  regulation 
between  the  letting  off  and  taking  on  of  the  warp.  So  very  important 
is  it,  that  weavers  have  constantly  sought  means  of  accurately  measuring 
the  weights  required.  Before  the  days  of  machinery  the  weavers 
were  content  to  depend  upon  a  highly  cultured  skill,  born  of  experience 
and  intelligent  observation;  but,  on  the  system  of  simple  weights, 
every  "dressing"  brought  a  problem,  and  the  trouble  and  time  in- 
volved handicapped  them  in  the  race  for  work  and  wealth.  The  best 
device  we  have  seen  on  the  hand  loom  is  a  kind  of  lever  arrangement 
(fig.  225).  At  the  end  of  the  beam  is  a  grooved  collar,  into  which 
the  doubled  rope  has  been  wound ;  one  end  of  the  rope  having  been 
fastened  to  the  cross  rail  under  the  loom,  it  is  wound  round  the  beam 
twice,  or  more,  and  the  other  end  knotted  on  a  bar,  the  one  end  of 


Fig.  225. — Letting-ofif  Motion 

A,  Warp  beam.  B,  Twitch  rope,  c,  Weight  lever. 
D,  Bottom  rail  of  loom.  E,  Weight.  F,  Cord  fasten- 
ing lever  to  floor. 
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which  has  been  secured  by  a  rope  tied  to  a  staple  fixed  in  the  wall 
or  floor  of  the  weaving  shed,  while  the  other  extends  loose.  Upon 
the  depending  bar  a  weight  hangs,  resisting  the  drag  of  the  rope 
wound  upon  the  neck  of  the  warp  beam.  The  farther  out  the  weight 
is  placed  on  this  lever,  the  stronger  the  resistance;  the  nearer  to  the 
rope  the  weight  is  hung,  the  lighter  the  drag.  Though  the  lever 
weight  has  not  the  self-adjusting  power  of  the  older  method,  it  is  much 
more  easily  adjusted  and  gives  better  results  on  the  average.  In  the 
hands  of  an  expert  the  older  method  might  work  better,  but  not  all 
weavers  are  expert. 

No  more  fruitful  cause  of  defective  cloth  exists  than  irregular  letting 
off  and  tension  in  the  warp.  Slackening  of  tension  causes  the  warp 
to  take  on  fewer  picks  of  weft  per  inch,  even  if  gradual;  sudden 
slackening  makes  cracks;  tightening  of  the  warp  makes  the  cloth 
thicken ;  alternate  thick  and  thin  places  in  cloth  are  almost  wholly  the 
result  of  bad  regulation  of  the  weighting  of  the  warp  beam.  Numerous 
accidents  bring  about  that  evil;  changes  in  temperature  contract  or 
expand  the  cords  and  the  warp  itself;  sometimes  the  balance  is  lost, 
and  no  amount  of  care  seems  able  to  restore  it;  the  cause  may  be 
simple  once  it  is  found  out,  but  the  possible  causes  are  so  numerous 
that  the  weaver  may  spend  a  long  time  before  he  hits  on  the  right  one. 
Mechanical  aids  have  been  made  for  the  regulation  of  the  warp  on 
power  looms ;  but  the  hand-loom  weaver  must  depend  mostly  upon  his 
own  skill  and  experienced  judgment. 

Healds  and  Shedding  Apparatus. — The  primary  use  of  healds  has 
always  been  to  cross  the  warp  over  the  weft;  but  weavers  very  early 
discovered  that  the  healds  might  be  utilized  in  the  formation  of  patterns. 
From  dividing  the  warp  into  two  parts  of  alternate  threads,  they  pro- 
ceeded to  separating  the  threads  into  three,  four,  five,  or  even  twelve 
parts,  each  part  containing  as  many  threads  as  the  design  required 
(fig.  226).  Twelve  leaves  of  healds  afford  a  wide  range  of  variety  to 
the  designer;  but  there  is  a  limit  to  the  number  of  patterns  which  can 
be  so  produced,  and  production  must  be  slow.  The  weavers  set  them- 
selves to  overcome  that  limitation,  and  devised  many  contrivances, 
among  which  the  Dobhy  and  the  Jacquard  are  the  most  practical  in 
cloth  weaving  at  the  present  time,  though  we  must  also  note  what  is 
known  as  the  harness  apparatus.  These  devices,  however,  do  not 
appear  on  our  plain  loom,  and  to  it  our  attention  must  first  be  given. 

One  pair  of  healds  might  serve  all  the  purposes  of  plain  weaving, 
but  the  rule  is  to  employ  two  pairs,  except  for  heavy  and  coarse  webs. 
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A  single  heald  is  too  heavily  weighted  with  half  a  close  warp,  and  the 
threads  are  too  close  together.  Though  it  is  simpler,  therefore,  to 
study  the  loom  with  a  single  pair  of  healds,  we  think  the  fairer  way  is 
to  take  the  two  pairs.     After  all,  the  difference  is  not  very  great,  each 

pair  being  coupled 
and  the  two  sets  being 
operated  like  a  single 
pair.  Perhaps  we 
should  here  explain  a 
discrepancy  of  terms 
which  may  be  a  little 
confusing.  Properly, 
a  heald  is  a  single 
cord,  with  a  loop  or 
ring,  for  carrying  a 
single  thread  of  warp ; 
a  set  of  these  healds 
was  originally  called 
a  heddle,  leaf^  or  camb. 
Now,  however,  the 
common  practice  is  to 
call  the  leaves  heald 
shafts  or  healds,  and 
the  cords  heald  cords. 
We  consider  the  latter 
practice  is  the  better 
and  more  readily 
applied. 

Those  who  are  un- 
familiar with  the  his- 
torical development 
of  weaving  are  apt 
to  be  misled  by  the 
character  of  the  healds,  as  now  formed.  It  must  never  be  forgotten 
that  the  essential  and  necessary  nature  of  a  heald  is  a  series  of  warp 
cords.  Suppose,  for  the  sake  of  illustrating  the  fact,  we  undertake 
to  make  up  a  heald.  Taking  a  pair  of  wooden  shafts,  we  fix  them 
at  a  given  distance  apart,  say  about  a  foot.  Having  fastened  in  the 
middle  length  of  each  cord  a  loop  or  eyelet,  we  bind  a  cord  on  the 
ends  of  the  shafts,   crossing  from  the  one  to  the  other,   so  that  the 


Fig.  226. — Shedding  Mechanism 

A,  Treadles.       b,  Long  lambs.      c.  Short  Iambs.      D,  Heddles.       E,  Jacks. 
F,  Short  cords.      G,  Long  cords.      H,  Streamer  cords,      j,  Mails. 
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eyelet  is  in  the  centre  between  the  shafts.  Close  up  to  the  first  cord 
we  extend  a  second,  taking  care  that  the  eyelet  is  exactly  even  with 
that  of  the  first.  Cord  after  cord  is  tied  on  in  this  way,  till  the 
two  shafts  are  practically  covered  and  present  the  appearance  of  a 
solid  web  of  cords,  with  a  regular  row  of  eyelets  along  the  centre. 
Heald  makers  have  a  better  way  of  building  up  the  healds,  and  work 
with  machinery;  but  the  hand  method  suits  our  purpose  best.  Very 
plainly,  we  can  put  as  many  or  as  few  cords  on  the  shafts  as  we  please, 
within,  of  course,  the  limits  imposed  by  the  thickness  of  the  cords. 
Different  systems  of  measurement  are  adopted  for  counting  the  cords 
on  the  shafts;  but  the  most  obvious  and  simplest  method  is  according 
to  the  number  of  cords  per  inch,  ranging  up  to  sixteen  for  worsteds 
and  from  fifteen  to  thirty  for  cottons.  We  thus  see,  however,  that  each 
heald  is  nothing  more  than  a  series  of  cords  for  holding  warp  threads. 

The  four  healds  are  hung  in  pairs  in  the  loom,  and  the  warp  drawn 
through  them  in  the  manner  to  be  considered  when  the  subject  of 
drawing  is  being  studied.  The  manner  in  which  they  are  hung  and 
the  apparatus  by  which  they  are  operated  are  first  to  be  looked  into. 
From  the  head  of  the  loom  the  healds  are  hung  on  cords  held  by  a 
pair  of  stout  wooden  levers,  supported  on  an  iron  bar  across  the 
top  of  the  frame,  which  also  acts  as  a  fulcrum,  the  other  ends  of  the 
levers  being  held  by  a  pair  of  cords  coming  up  from  a  pair  of  long 
levers  governed  by  the  treadles  in  the  base  of  the  loom.  Another 
pair  of  levers,  called  lavihs,  are  attached  to  the  cords  hanging  from 
the  under  shafts  of  the  healds.  The  high  jacks,  the  healds,  and  the 
two  pairs  of  lambs  all  point  across  the  loom,  the  latter  being  pivoted 
on  pins  in  the  left  side  of  the  loom  frame.  Extending  through  the 
loom  from  front  to  back,  and  pivoted  on  a  strong  pin  fixed  in  the 
centre  of  the  loom,  the  treadles  are  hung  within  about  12  in.  from 
the  ground,  just  at  the  proper  height  for  working  with  the  feet.  What 
we  call  the  long  lambs  operate  the  jacks  through  the  cords  extending 
from  their  tips  to  the  ends  of  the  jacks.  A  short  cord  connects  the 
right  treadle  with  the  second  of  the  pair,  which  operates  the  back 
pair  of  healds.  Similarly,  the  left  treadle  works  the  front  pair  of 
healds  through  the  cord  on  the  front  of  the  long  lamb.  On  the 
cording  of  the  short  lambs  the  order  is  reversed ;  the  right  treadle 
is  connected  with  the  front  lamb  and  the  left  treadle  with  the  back 
lamb  of  the  short  pair.  Being  set  immediately  below  the  healds, 
the  lambs  naturally  operate  the  healds  nearest  them,  the  front  the 
front  heald  and   the  back   the  back.      For  the  sake  of  clearness  our 
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illustration  (fig.  226)  shows  only  three  healds  and  mountings,  but  the 
principle  is  the  same. 

By  the  arrangement  of  the  parts  of  this  apparatus  the  physical 
exertion  required  for  operating  the  healds  is  reduced  to  a  very  small 
amount.  When  the  weaver  places  his  foot  on  the  right  treadle,  he 
depresses  the  back  one  of  the  long  lambs  and  the  front  short  lamb. 
Note  the  train  of  effects.  The  second  of  the  streamer  cords  draws 
the  back  jack  and  elevates  the  back  pair  of  healds.  Acting  on  the 
front  lamb  of  the  short  pair,  it  pulls  down  the  front  pair  of  healds. 
Say  that  each  pair  of  healds  is  only  moved  i  in.,  the  result  is  a  shed 
in  the  warp  2  in.  wide.  A  very  light  touch,  therefore,  suffices  for 
operating  the  warp  with  this  apparatus.  In  building  the  contrivance 
we  must  aim  at  perfect  equality  of  the  up  and  down  draft,  so  that 
the  angle  of  the  shed  may  be  equal  on  the  two  sides,  and  both  divisions 
of  the  warp  drawn  out  of  the  straight  line  to  equal  degrees. 

Obviously,  the  pressure  of  the  left  foot  on  the  left  treadle  would 
elevate  the  front  pair  of  healds  and  depress  the  back  pair.  It  depends 
wholly  on  the  cording  what  healds  are  actuated  by  any  given  treadle. 

Batten  and  Reed.  —  In  structure  the  batten  roughly  resembles  a 
square  frame,  the  sides  of  which  are  the  swords,  the  top  the  rock  tree 
upon  which  the  whole  swings,  the  bottom  the  hand  tree,  with  beneath 
it  the  sley  and  shuttle  race  (fig.  227).  Within  the  square  other  fittings 
are  fixed,  but,  as  these  belong  to  the  shuttle  and  fly,  we  shall  not 
consider  them  at  present.  The  fixing  of  the  swords  into  the  rock  tree 
is  movable;  holes  are  drilled  in  the  swords  to  allow  the  batten  to  be 
raised  or  lowered,  by  means  of  wooden  pins  or  cords  passed  through 
the  hanging  joints  of  the  rock  tree.  We  shall  see  the  utility  of  this 
provision  hereafter.  Extending  from  sword  to  sword,  the  broad, 
smooth,  round  hand  tree  is  movable,  acting  at  once  as  the  handle  of  the 
batten  and  the  cap  of  the  sley.  Sometimes  the  batten  is  called  the 
lathe,  or  working  part,  because  it  is  the  part  of  the  loom  which  makes 
the  cloth.  Driven  to  and  fro  by  the  left  hand  of  the  weaver,  the 
batten  beats  up  the  weft  and  regulates  the  movements  of  the  whole 
loom. 

Observing  structure  only  meanwhile,  we  next  look  at  the  reed, 
or  sley.  Slender,  flat  wires  form  the  vertical  teeth  of  the  reed,  being 
firmly  bound  in  the  side  frames.  There  are  different  sizes  of  reed, 
measured  according  to  standards  special  to  certain  districts.  In  Scot- 
land the  original  reed  was  i  ell  or  37  in.  long,  and  the  designation 
of  the  reed  was  according  to  the  number  of  teeth,  dents,  or  splits  in 
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that  length.  The  dents  range  in  number  from  300  to  1000  in  the  ell, 
and  the  class  is  written  thus:  3°°,  or  io°°,  as  the  case  may  be.  When 
a  Scottish  weaver  speaks,  therefore,  of  a  700  reed,  he  means  that  there 
are  so  many  dents  in  37  in.  of  reed.  Another  method  of  measuring 
the  reed  is  by  the  porter  system.      Under  the  general  system,  a  porter 


A,  A,  Swords. 


Fig.  227 
B,  Hand-tree,      c,  Reed,      d,  Sley-sole  or  shuttle-race,      e,  e,  Shuttle-boxes,      f,  f,  Pickers. 


is  40  threads,  and  2  threads  are  counted  to  each  dent;  the  quality  of 
the  reed  is  described  by  the  number  of  porters  in  a  given  length  of 
reed.  Cotton  weavers  call  porters  beers,  by  what  we  suppose  to  be 
a  pun  on  the  two  words.  Bolton  manufacturers  count  by  the  number 
of  beers  on  24I  in.  The  Preston  system  is  20  dents  to  the  beer,  and 
sizes  of  reeds,  34  in.,  39  in.,  44  in.,  58  in.,  designated  7/8ths,  4/4ths, 
9/8ths,  6/4ths.     Stockport,  Manchester,  Blackburn,  and  other  districts 
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have  each  a  system ;  but  all  the  systems  are  capable  of  being  resolved 
into  numbers  of  dents  per  inch,  and  that  method  of  counting  is  gener- 
ally conceded  to  be  the  best. 

The  reed  is  slipped  into  the  slots  prepared  for 
it  in  the  base  of  the  batten,  under  the  hand  tree. 
Some  reeds  are  held  by  a  spring  behind  the  sley 
cap  to  lessen  the  force  of  concussion  in  beating 
up  (fig.  228).  In  front  of  the  reed,  and  slightly 
above  its  base,  is  the  shelf  we  call  the  shuttle  race. 
The  race  is  simple,  but  it  must  be  clean  and  true, 
level  at  all  points;  for  not  only  does  the  shuttle 
run  across  it  at  high  speed,  but  the  warp  threads 
lie  upon  it,  and  the  slightest  irregularity  has 
serious  consequences. 

Shuttle    and    Shuttle  ^  Boxes. — The   shuttle   is 
one  of  those  fine  tools  fashioned  by  the  pride  that 
generations    of   skilled    craftsmen    have    taken    in 
their  work.     Made  of  hard   wood,  shaped    like  a 
miniature  boat  pointed  at  both  ends,  tipped  with 
a    smooth    iron    point,    and    finely    balanced,    the 
shuttle  is  a  pleasant  tool  to  handle  (fig.  229).     The 
whole    inside    is    scooped    out,    leaving    thin    side 
walls,  but  a  thick  front  and  a  heavy  base,  form- 
ing an  internal  cone,  in  the  base  of  which  a  screw 
or  pin  is  fixed  to  hold  the  pirn  or  spool.      Near 
the  apex  of  the  cone  a  hole  is  drilled   through 
the  side  for  the  thread.     Taking  a  full  weft  pirn, 
the  weaver  screws  it  firmly  on  to  the  peg,  leads 
the  loose  thread  along  to  the  hole,  and  draws  it 
through   with   his    breath.       Now   the   shuttle    is 
ready  for  being  laid  in  the  shuttle  box. 

We  have  described  the  simplest  of  shuttles.     Fixing  the  pirn   in 


Fig.  228. — Reed  and  Batten. 
Section  showing  spring  a,  to 
ease  the  blows  of  the  reed 


Fig.  229. — Shuttle 


such  a  shuttle  takes  both  time  and  care.     Even  the  hand-loom  weaver 
has  to  consider  his  time,  though  we  are  apt  to  think  of  his  occupation 
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as  one  of  old-world  leisure  and  simplicity.  Hand-loom  shuttles  have 
varied  mostly  in  the  method  of  fixing  the  pirns;  some  have  been  fitted 
with  springs,  and  others  with  slip  catches,  the  main  object  being  to 
let  the  pirn  slide  into  security  within  the  shuttle  with  the  least  possible 
exertion.  Weft  cop  shuttles  are  practically  boxes,  but  these  need 
hardly  concern  us  at  present,  the  plain  loom  weaver  having  no  know- 
ledge of  them. 

Structurally  the  shuttle  boxes  are  mere  continuations  of  the  shuttle 
race,  on  the  plain  loom;  but 
there  are  several  reasons  why 
they  should  be  considered  apart. 
If  loom  inventors  had  not  been 
able  to  think  of  the  shuttle  boxes 
by  themselves,  some  very  im- 
portant improvements  might 
never  have  come  into  existence. 
On  the  plain  loom  the  shuttle 
boxes  are  the  ends  of  the  race 
boxed  in  at  the  ends  and  sides, 
with  a  strong  wire  running 
through  the  centre  of  each  box, 
acting  as  the  spindle  of  the 
pickers. 

Pickers. — Pickers  have  been 
shaped  variously,  but  the  form 
most  commonly  used  is  that  of 
a  Y,  the  wire  passing  through 
the  stem  and  the  picking  cords 
being  fastened  in  the  arms  (fig. 
230,  A  and  b).  As  may  be  understood,  the  picker  is  pulled  in  a  hori- 
zontal direction,  and  to  equalize  the  drag  the  double-armed  head  is  a 
good  device.  Another  aid  to  the  same  end  is  the  looped  cord  attached 
to  the  sword  of  the  batten  which  raises  the  cord  of  the  picking  handle 
to  an  angle,  and  eases  the  draught  of  the  weaver's  stroke. 

Picking  Handle. — In  the  centre  of  the  loom  lies  the  picking  handle, 
from  the  head  of  which  project  two  ears,  in  each  a  strong  cord  firmly 
knotted  (fig.  230,  c).  From  the  handle  the  cords  extend  on  both  sides 
to  the  pickers,  passing  through  on  the  way  the  loops  we  have  described 
coming  down  from  the  batten  swords,  and  modifying  the  stroke. 
Taking  the  handle  in  his  right  hand,  the  weaver  jerks  it  from  right 
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Fig.  230.— Picking  Appliances 
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to  left,  causing  the  picker  to  run  swiftly  along  the  spindle  in  the 
shuttle  box,  and  giving  the  butt  end  of  the  shuttle  a  sharp  stroke 
which  sends  it  flying  across  the  loom,  along  the  shuttle  race,  and 
through  the  shed  of  the  warp.  Both  sides  of  the  loom  are  alike, 
and  when  the  shuttle  flies  out  of  the  box  on  the  right,  it  runs  into 
the  box  on  the  left,  driving  the  picker  back  to  the  end  of  the  shuttle 
box,  and  thus  preparing  for  the  next  stroke,  which  is  from  left  to 
right.  If  the  first  stroke  has  been  too  feeble,  the  weaver  must  push 
the  shuttle  home,  and  lose  speed  thereby;  but  the  leverage  of  the 
picking  handle  is  so  great,  and  the  shuttle  so  smooth  and  light,  that 
very  little  exertion  is  needed  to  accomplish  the  full  stroke. 

Temples. — Though  the  horizontal  draft  of  the  weft  thread  is  not 
heavy,  the  constant  pull  of  even  so  slight  a  thing  would,  if  unresisted, 


ZJOCtCCXTT^CCCCOJ. 


xra: 


Ji / 


Fig.  231. — Temples 

heap  the  warp  threads  at  the  sides  of  the  web  together  and  narrow 
the  cloth.  Further,  the  take  on  of  the  cloth  beam  has  the  tendency 
to  narrow  the  compass  of  the  warp,  freed  as  it  is  from  the  spreading 
force  of  the  reed.  In  order  to  correct  this  tendency,  the  weaver  very 
early  devised  a  stretching  apparatus  which  has  come  down  to  us  in 
the  form  of  what  are  called  temples.  The  original  tepm  was  tetnplet^ 
meaning  a  stretcher,  derived  from  the  Latin  by  the  French,  and 
doubtless  brought  to  us  by  the  early  Huguenot  refugees,  or  perhaps 
the  Flemish  weavers  of  William  the  Conqueror.  The  approved  form 
of  the  temples  is  a  pair  of  wedge-shaped  lathes,  made  of  mahogany, 
or  other  unyielding  wood  (fig.  231).  Capable  of  being  fixed  to  any 
length,  the  temples  are  held  in  position  by  a  simple  cross  bar  in  the 
centre.  On  both  ends  steel  teeth  project.  Fixing  the  teeth  evenly  in 
the  selvage  of  the  cloth  just  woven,  the  weaver  stretches  the  temples 
across  the  web,  and  after  adjusting  the  length  he  lays  the  pair  flat 
down,  securing  them  in  place  by  the  cross  bar  screwed  on  to  one 
of  the  sides.  The  temples  are  made  easy  of  adjustment  because  they 
must  be  shifted  every  little  while — after,  say,  2  in.  of  cloth  has  been 
woven. 
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Cloth  Beam  and  Taking  On. — On  the  very  simplest  of  plain  looms 
the  cloth  beam  is  bare,  and  the  taking  on  is  done  by  a  rather  rude 
method.  In  the  head  of  the  cloth  beam  certain  holes  are  made,  and 
into  one  of  these  holes  the  weaver  inserts  a  wooden  lever  and  pulls 
round  the  cloth,  winding  it  on  the  beam  and  at  the  same  time  drawing 
over  the  warp.  We  hardly  think,  however,  that  this  style  of  weaving 
has  survived  till  the  present  day.  While  endeavouring  to  stick  closely 
to   simple   fact,   and  to   avoid   the    pretentiousness  which,  for  love  of 


Fig.  232. — Taking-up  Motion 


L  c,  Cord.     L,  Lever,     b,  Piece-beam  wheel.     R,  Ratchet  wheel,     i,  i.  Intermediates,     p,  Small  pinion  wheel. 

c,  Catch,     sc,  Setting-up  catch. 


display  and  seeming  up  to  date,  ignores  that  which  is  old  and  actual 
for  that  which  is  new  and  partial,  we  must  at  the  same  time  avoid  mere 
antiquarianism.  The  plain  loom  which  is  in  use  to-day  generally 
has  a  taking-on  appliance  and  breast  beam.  The  latter  is  in  line 
with  the  warp  beam,  and  is  commonly  a  strong  square  beam  of  wood 
firmly  dovetailed  into  the  side  posts  of  the  loom.  The  cloth  beam 
sits  immediately  below,  supported  by  bearings  in  the  loom  frame. 
A  cloth  beam  itself  is  featureless,  and  requires  nothing  more  than 
mention;  but  the  motion  of  the  beam,  known  as  the  taking-on  motion, 
is  one  of  the  most  delicate  in  the  whole  loom.  The  rough-and-ready 
method  of  drawing  the  cloth  round  the  beam  by  mere  force  exerted 
at  intervals,  with  the  loom  standing  still,  was  unsatisfactory  on  many 
counts.     It  involved  sudden  strains  on  the  warp,  stoppage  of  the  loom, 
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and  induced  irregularity  in  the  work.  Weaving  the  cloth  one  thread 
at  a  time,  we  should  like,  if  it  were  possible,  to  move  the  beam  exactly 
the  breadth  of  that  thread  every  stroke  of  the  batten.  No  such  refine- 
ment of  mechanism  was  possible  on  the  hand  loom;  but  the  ideal  gave 
the  key  to  a  practical  solution  of  the  problem.  On  the  best  hand 
looms,  and  on  all  power  looms,  the  motion  is  carried  on  through  a 
train  of  wheels,  but  the  mechanism  of  the  old  plain  loom  is  simpler 
and  less  gradual.  On  the  right-hand  end  of  the  cloth  beam  a  toothed 
rim  is  fitted,  and  over  it  is  placed  a  ratchet  clutch,  held  by  a  loose 
pin,  permitting  it  to  rise  and  fall  easily.  Acting  upon  the  ratchet 
clutch  is  a  long  lever,  which  is  struck  by  the  side  of  the  batten  every 
time  it  comes  forward.  The  nearer  the  batten,  or  the  longer  its  traverse, 
the  shorter  the  stroke  of  the  lever,  and  it  always  falls  short  of  lifting 
the  clutch  over  the  next  tooth  of  the  pinion  on  the  side  of  the  cloth 
beam.  When  the  traverse  of  the  batten  has  been  shortened  by  the 
breadth  of  cloth  woven,  the  end  of  the  lever  is  struck,  and  it  lifts  the 
clutch  over  the  tooth  and  pulls  it  back,  drawing  the  cloth  beam  round. 
Slight  though  it  may  seem,  this  mechanism  can  be  finely  adjusted. 
Every  half  inch  or  less,  the  cloth  beam  is  drawn  round,  and  it  takes 
on  the  woven  cloth.  In  the  illustration  (fig.  232)  intermediates  are 
shown  acting  between  the  ratchet-wheel  and  the  cloth  beam. 

The  Ingenuity  of  the  Handicraftsman. — We  have  sought  in  the 
foregoing  description  to  present  only  the  bare  loom  common  to  all 
the  branches  of  the  cloth-weaving  industry.  Every  kind  of  fibre 
can  be  woven  on  this  loom;  the  weaver  of  cotton,  wool,  silk,  flax, 
hemp,  jute,  ramie,  or  any  mixture  of  these  could  take  his  place  on 
that  loom  and  weave  his  special  fabric  upon  it.  But  the  plain  loom 
became  one  of  the  most  changeable  and  adaptable  machines  ever 
seen,  under  the  hands  of  the  skilled  craftsmen  who  used  it.  Every 
intelligent  weaver  had  his  own  improved  devices,  this  one  making 
a  contrivance  to  aid  the  picking  handle,  that  other  inventing  a  surer 
method  of  regulating  the  letting-off  or  taking-on  motions.  Simple 
souls,  most  of  them,  these  mechanics  never  thought  of  trying  to 
make  others  pay  for  their  inventions.  Having  devised  them  for  their 
own  needs,  they  willingly  allowed  their  neighbours  to  copy  the  con- 
trivances and  even  assisted  them  in  doing  so.  Weaving  workshops 
of  the  early  nineteenth  century,  in  Scotland  and  the  North  of  England 
especially,  were  literally  arsenals  of  invention.  A  new  kind  of  yarn, 
or  a  style  of  cloth,  or  a  fresh  demand  of  the  manufacturers  in  one 
particular   or  another,    caused    the   weaver   to   cast   his   eye   over   the 
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parts  of  his  loom,  to  see  whether  some  different  adjustment  of  one 
part  or  another  might  meet  the  requirement  of  the  moment.  Every 
intelHgent  weaver  was  an  inventor. 

Healding",  Drawing",  Twisting. — Hand  looms  are  healded  in  the 
workshop;  a  different  method  is  usually  practised  in  the  power-loom 
factory;  but  the  actual  healding  operation  itself  is  practically  the  same. 
The  warp  beam  is  laid  on  the  loom,  the  clues  all  knitted  and  the  heald- 
ing lease  firmly  secured  by  the  leasing  rods.  The  four  healds  have 
been  corded  up,  and  the  healder  takes  his  place  in  front  of  them,  while 
his  helper  stands  behind,  next  to  the  warp,  which  has  been  loosened, 
and  rested  on  a  cross  bar  of  some  sort  for  convenience.  As  we  have 
indicated,  the  draft  is  conditioned  by  the  fact  that  the  healds  are 
worked  two  by  two.  The  warp  ends  must  be  divided  between  the 
two  pairs  of  healds  in  equal  proportions,  the  one  pair  carrying  all 
the  odd-number  ends  and  the  other  pair  the  even-number  ends. 
But  the  single  healds  of  each  pair  also  effect  a  division  of  the  ends 
assigned  them.  If  warp  end  No.  i  is  passed  through  the  mail  of 
heald  No.  i,  warp  end  No.  3  must  be  assigned  to  heald  No.  2. 
The  third  and  fourth  healds  likewise  share  the  alternate  threads, 
No.  3  heald  taking  No.  2  thread,  and  No.  4  the  fourth  warp  end. 
With  the  healds  in  front  of  him,  anyone  can  understand  this;  but 
it  seems  a  little  complex  when  described  in  the  abstract.  A  weaver, 
however,  is  not  thoroughly  master  of  the  loom  unless  he  can  work 
out  healding  problems  on  paper,  and  away  from  the  actual  tools 
altogether.  We  could  not  do  better  than  tackle  the  difficulty  in 
this,  the  very  simplest  of  healding  operations.  Let  us  try  to  state 
it  in  terms: 

Warp  ends:     i     2    3    4    5    6    7    8    9    10    11     12     13     14    15     16 
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All  the  sixteen  warp  ends  are  divided  equally  between  the  two  pairs 
of  healds,  and  equally  shared  between  each  of  the  pairs  (fig.  233).  So 
far  as  shedding  the  warp  is  concerned,  each  pair  acts  as  one,  lifting 
and  falling  as  a  unity.  Note  also  the  wide  distribution  of  the  warp 
ends.  Each  heald  only  carries  one  thread  in  four.  We  are  thus 
enabled  to  weave  a  very  close  warp  without  difficulty,  one  of  the 
objections  to  two  single  healds  having  always  been  the  need  for 
crowding  when  a  close  warp  was  required. 
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Drawing  the  warp  ends  through  the  eyelets  of  the  cords  calls  for 
some  dexterity.  Given  time,  anybody  who  is  careful  enough  could 
do  it;  but  time  is  very  precious  in  the  preparation  of  a  web,  and 
swift  drawing  is  absolutely  requisite.  Armed  with  a  long  pin  like 
a  slender  crotchet  needle,  the  healder  runs  the  needle  through  the 
eye  of  the  cord,  and  draws  through  the  proper  thread. 

When  plain  web  succeeds  plain  web  on  the  loom,  the  general 
practice  is  to  have  such  a  length  of  waste  warp  and  cloth  as  will 
extend  through  the  healds  and  on  to  the  cloth  beam.  In  such  a 
case  the  new  warp  is  joined  on  by  twisting  the  ends  to  those  already 
in   the  loom.     But  when   the  whole  web    has  to  be  begun  from   the 
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Fig.  233. — Drawing  and  Healding 
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beginning,    much    careful    labour    must    be    spent    in    sleyin^ 
securing  the  warp  to  the  cloth  beam. 

Power-loom  Drawing. — The  act  of  healding  or  drawing  for  the 
power-loom  differs  in  no  way  from  the  above.  The  leading  difference 
is  that  healding  in  the  power-loom  factory  is  done  in  a  special  depart- 
ment. The  healding  or  drawing-in  frame  (fig.  234)  for  the  power-loom 
has  a  greater  number  of  appliances  than  that  employed  in  the  hand- 
loom  weaving  shed,  but  in  essential  structure  they  are  similar. 

Sleying.— As  a  rule,  one  dent  in  the  reed  is  allowed  to  two  warp 
threads  for  plain  cloth.  Sleying  is  therefore  a  straightforward  opera- 
tion on  the  loom  we  are  studying,  consisting  of  passing  every  successive 
pair  of  threads  through  each  dent  or  opening  in  the  reed  or  sley.  In 
patterned  cloths  the  sley  has  a  very  important  function  to  discharge; 
but  that  part  and  the  details  belonging  to  it  cannot  be  understood  at 
present. 

Looking  at  the  fine  edges  of  the  reed  teeth,  it  occurs  to  one  that 
some  softer  medium  might  have  been  devised  for  the  purpose.     The 
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function  of  the  reed  is  to  beat  up  the  weft  thread  close  between  the 
crossed  threads  of  the  warp.  It  would  be  very  difficult  to  imagine 
a  more  suitable  instrument,  with  all  its  defects,  because  the  spaces 
from  warp  end  to  warp  end  are  very  small,  and  the  reed  must  not 
widen  them.  At  least  the  warp  should  have  room  to  spread,  and  at 
equal  distances.  The  idea  is  as  of  a  series  of  slender,  flat  points 
thrusting  the  weft  home,  and  yet  leaving  the  warp  free. 

Sometimes  the  reed  begins  to  cut  the  weft  from  no  apparent  cause. 
For  a  day  or  two  before,  everything  may  have  been  going  on  smoothly, 
and  then  one  cut  after  another  comes  upon  the  weft.  Enquiry  into 
the  mystery  generally  brings  out  the  fact  that  the  temperature  of  the 
workshop  has  changed.  Or  perhaps  the  dressing  on  the  warp  has 
soured.  Or  else  the  edges  of  the  wires  have  been  roughened  or 
dulled.  Some  one  of  these  causes  is  most  likely  to  be  at  the  root 
of  the  mischief,  supposing,  that  is,  the  fault  is  not  in  the  clumsy  and 
irregular  manner  in  which  the  batten  is  being  driven.  No  one  can 
discover  a  remedy  for  that  defect  but  the  weaver  himself. 

Practical  Hints  for  Working  the  Plain  Loom. — Though  one  of  the 
primitive  arts,  nobody  can  weave  by  mere  instinct.  It  is  by  careful 
observation  of  every  small  detail  that  the  weaver  learns  to  produce 
perfect  cloth.  A  loom  in  proper  order  works  harmoniously,  with  a 
swing  and  rhythm  pleasant  to  see  and  hear;  it  is  one  organic  whole, 
every  part  acting  in  co-operation  with  each  other.  Every  motion  of 
the  loom  has  its  peculiar  quality,  and  should  be  studied  in  detail. 
We  will  make  a  few  practical  notes  on  each  motion  for  the  guidance 
of  the  worker,  and  to  show  the  operation  of  a  loom. 

I.  Shedding. — Upon  the  correct  shedding  of  the  warp  much 
depends.  First,  we  have  to  see  to  the  tieing  up  of  the  treadles 
and  healds.  When  at  rest,  the  whole  shedding  apparatus  should 
be  in  absolute  balance.  If  the  streamer  cords  at  the  side  are  quite 
just,  the  jacks  will  lie  level  above  the  healds.  If  the  cords  on  the 
treadles  are  exactly  proportioned,  the  latter  will  hang  straight  and 
the  heald  leaves  keep  in  line  with  each  other.  Slackness  of  one 
cord,  or  tightness  of  another,  throws  the  whole  arrangement  out  of 
order,  and  gives  rise  to  trouble.  One  of  the  pair  of  healds,  which 
should  rise  and  fall  like  one,  may  joggle,  or  lift  higher  one  side 
than  the  other,  with  consequent  irregularity  of  shed. 

Behind  the  healds,  the  lease  rods  run  through  the  warp;  for 
without  these  we  could  not  find  the  proper  place  of  a  thread  once 
it   had   broken.     Moreover,    the   lease   rods   are   of  service   in   giving: 
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sharpness  to  the  angle  of  the  shed.  Some  weavers  put  the  rods 
far  back  to  ease  the  strain  on  the  warp,  and  for  other  reasons 
arising  from  personal  preference.  But  the  lease  rods  should  never 
be  farther  behind  the  healds  than  the  average  distance  between  the 
cloth  and  the  healds.  This  gives  the  shed  a  symmetrical  form  of 
some  value  to  the  weaver.  If  the  one  angle  of  the  shed  is  not  ap- 
preciably longer  than  the  other,  the  crossing  will  be  equal  on  both 
the  up  and  down  beat,  making  both  sides  of  the  cloth  equal. 

That  half  of  the  warp  which  is  down  rests  upon  the  shuttle  race 
in  the  batten.  Should  the  warp  press  too  heavily  on  the  race,  the 
warp  will  be  out  of  the  true,  and  marked  with  the  effect  of  the 
pressure.  On  the  other  hand,  when  the  warp  does  not  lie  evenly 
and  close  on  the  race,  the  shuttle  may  be  caught  and  wreck  the 
warp. 

This  brings  into  prominence  another  point.  The  moment  of 
treading  should  be  timed  to  come  on  when  the  batten  is  exactly 
in  the  centre  of  its  swing,  when  it  is  balanced  between  the  edge 
of  the  cloth  and  its  farthest  back  point  of  motion.  At  that  moment 
only  is  the  shuttle  race,  and  the  batten  itself,  in  even  poise.  As 
the  batten  is  drawn  forward  by  the  hand,  the  foot  should  press  upon 
the  treadle.  By  that  means  the  widest  possible  shed  is  obtained, 
and  the  warp  finds  a  level  rest. 

2.  Picking. — The  complement  of  shedding  the  warp  is  picking 
with  the  weft.  Here,  also,  the  cords  are  our  first  concern ;  the 
picker  which  impels  the  shuttle  across  the  web  is  connected  with 
the  handle  by  cords.  In  disposing  picker  cords  the  object  is  to 
obtain  a  sharp,  equal  stroke  from  the  jerk  of  the  handle;  half  the 
force  of  the  pull  is  lost  if  directly  horizontal,  because  only  the  head 
of  the  picker  is  attached  to  the  cord.  The  two  arms  of  the  picker 
have  minimized  the  defect,  but  not  removed  it  altogether.  An  inflexible 
vertical  driver  would  best  serve,  but  that  is  impossible  on  the  hand 
loom  either  from  above  or  below.  The  next  best  plan  was  to  change 
the  direction  of  the  cord  midway  between  the  handle  and  the  picker, 
so  as  to  give  as  nearly  as  possible  an  overhead  stroke,  and  this  has 
been  done.  A  long  loop  attached  to  the  sword  passes  round  the 
picking  cord,  and  holds  it  up  to  an  angle.  The  motion  of  the  cord 
through  the  loop  gives  flexibility  to  the  stroke,  but  the  weavers  of 
woollens  and  worsteds,  using  heavy  shuttles,  require  a  strong  drive. 
They  therefore  knot  the  sustaining  cord  on  the  picker  cord,  giving  it 
a  sort  of  swing  lever  action. 
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Shuttle  boxes  frequently  cause  trouble.  It  is  difficult  to  keep 
the  picker  spindle  sufficiently  oiled,  without  risk  of  letting  some  of 
the  lubricant  fall  on  the  weft  spool  and  shuttle.  By  the  constant 
dragging  of  the  picking  motion,  the  spindle  of  the  shuttle  box  is 
drawn  out  of  truth,  and  an  oblique  stroke  strikes  the  shuttle,  which, 
if  not  detected,  one  day  sends  the  shuttle  crashing  through  the 
warp,  breaking  a  dozen  warp  ends.  Struck  constantly  on  the  sharp 
tip  of  the  shuttle,  the  picker  wears  out;  a  half-worn  picker  some- 
times spoils  the  spring  of  the  shuttle,  as  weavers  of  an  economical 
turn  of  mind  have  found  out  to  their  cost.  The  best  pickers,  though 
the  dearest  at  first  cost,  are  the  hard  leather  pickers  now  made  out 
of  the  parings  of  sole  butts  and  heavy  belt  hides.  If  made  of  good 
leather  and  well  pressed,  these  pickers  last  long;  being  light,  they 
carry  the  full  strength  of  the  stroke  of  the  handle.  A  very  simple 
but  not  always  observed  precaution  is  to  see  that  the  shuttle  boxes 
are  kept  clean.  The  dust  from  the  loom  clogs  into  a  very  tough 
and  obstinate  kind  of  obstruction  which  can  hinder  seriously  the 
action  of  the  shuttle. 

Care  of  the  shuttle  has  a  very  important  bearing  on  the  efficiency 
of  the  loom.  Cracked  shuttles  do  not  respond  to  the  stroke  of  the 
picker  with  the  same  rebound  as  the  sound  tool.  One  may  work 
with  a  shuttle  slightly  cracked,  but  there  is  always  a  danger  of  its 
breaking  into  fragments  without  warning.  In  the  operation  of  pick- 
ing, the  tips  on  both  ends  of  the  shuttle  are  blunted  and  rounded, 
so  that  the  strokes  of  the  picker  are  apt  to  glance  aside.  Sharpening 
the  shuttle  tip  requires  some  dexterity,  and  the  symmetry  of  the  iron 
must  be  preserved. 

Various  shapes  of  shuttle  require  different  methods  of  adjustment. 
In  general,  however,  it  will  be  found  that,  if  the  shuttle  leaps,  or 
gives  out  the  weft  irregularly,  the  fault  should  be  sought  in  the 
shuttle  itself  first.  It  may  be,  as  we  have  said,  in  the  picker, 
picking  gear,  or  shuttle  box;  but  the  shuttle  is  also  a  very  frequent 
cause  of  irregularity,  and  it  should  be  examined  at  once,  unless  the 
defect  is  obvious  in  some  other  part  of  the  loom. 

3.  Letting  Off  and  Taking  On. — Another  source  of  anxiety  to  the 
weaver  is  the  adjustment  of  the  letting-off  and  taking-on  motions. 
Hand-loom  workers  have  wisely  refrained  from  attempting  to  make 
those  motions  mutually  automatic;  but  the  builders  of  the  power 
loom  were  compelled  to  make  some  endeavour  to  bring  such  a  rela- 
tion about.     The  main  problem  to  be  solved  in  the  letting-off  action 
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of  the  hand  loom  is  the  maintenance  of  a  regular  and  equal  tension 
upon  the  warp.  In  this  the  taking-on  motion  plays  some  part. 
When  the  cloth  beam  is  wound  round  three  or  more  inches  at  a 
time,  it  means  a  considerable  alteration  in  the  weights  which  secure 
the  tension  of  the  warp.  But  if  the  take-on  is  slow  and  finely 
graded,  the  change  in  the  balance  of  weight  upon  the  warp  is  slow 
and  gradual  in  the  same  degree.  Perhaps  in  saying  that  the  two 
are  not  mutually  automatic  we  overstate  the  case;  but  it  is  necessary 
to  guard  firmly  against  the  idea  that  the  one  will  correct  the  other, 
and  so  induce  careless  adjustment.  The  taking-on  mechanism  over- 
comes the  resistance  of  the  weights  upon  the  warp,  and  the  letting- 
off  gear  must  not  be  so  weighted  that  the  warp  is  strained  in  the 
action.  On  the  other  hand,  the  letting-off  arrangement  requires  to 
be  adjusted  so  that  the  draft  of  the  cloth  beam  will  not  slacken  the 
tension  of  the  warp.  Letting-off  draft  consists  of  the  combined 
weights  of  the  warp  and  the  added  weights;  with  every  inch  of 
warp  coming  off  the  beam,  it  is  lightened.  A  weaver,  therefore, 
to  be  exact,  should  know  the  weight  of  his  warp.  To  find  the 
weight  of  any  warp,  multiply  the  length  of  the  warp  by  the  number 
of  ends,  divide  by  the  length  of  yards  in  the  hank,  say  560  yd., 
and  then  divide  by  the  yarn  number.  To  find  the  weight  of  warp 
given  off  by  the  beam,  divide  the  total  weight  of  warp  by  the  number 
of  yards  in  the  warp,  and  the  result  will  show  the  weight  of  each 
yard  of  warp.  But  we  have  seldom  seen  the  weights  so  accurately 
calculated;  as  a  rule,  the  primary  weight  is  put  on  by  experienced 
guesswork,  and  the  subsequent  adjustments  by  a  similar  method. 
We  think,   however,  that  the  safer  plan  is  that  suggested. 

4.  Timing  Batten  and  Healds. — One  of  the  most  difficult  tasks  in 
weaving  is  to  learn  the  exact  moment  when  to  perform  each  act 
of  the  work.  All  the  loom  must  be  kept  in  constant  motion,  if  the 
cloth  is  to  be  woven  swiftly;  the  weaver's  whole  body  and  all  his 
energies  are  engaged.  Feet  on  treadles,  right  hand  holding  the 
picking  handle,  and  left  hand  gripping  the  hand  tree  of  the  batten 
or  slay,  he  must  watch  every  pick  of  the  shuttle.  The  batten  is 
thrown  back,  slightly  beyond  its  centre  of  balance,  to  allow  the 
shed  to  be  opened ;  therefore  the  foot  should  press  on  the  treadle 
as  soon  as  the  batten  swings;  the  batten  comes  forward  again  when 
the  foot  has  moved  the  healds.  At  the  moment  of  perfect  balance, 
when  the  warp  lies  flat  on  the  base  of  the  batten,  the  shuttle  flies 
through  the  shed.     Like  the  closing  of  a  trap  upon  a  flying  animal, 
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the  batten  comes  right  up  to  the  cloth.  The  shuttle,  swiftly  and 
promptly  driven,  has  escaped,  leaving  behind  the  weft  pick  which 
the  reed  presses  home.  Scarcely  has  the  batten  touched  the  cloth, 
when  it  is  thrust  back  again.  If  the  shuttle  has  been  properly  sent 
into  the  shuttle  box  on  the  left,  it  is  ready  for  another  stroke  of  the 
picker.  With  his  left  foot  the  weaver  has  crossed  the  warp  with 
the  healds,  and  formed  another  shed.  Before  the  batten  can  come 
forward  once  more,  the  swift  jerk  of  the  picking  handle  from  left 
to  right  has  sent  the  shuttle  through  and  completed  another  stroke. 
Automatic  regularity,  absence  of  bumping  and  forcing,  and  watchful 
care  over  the  warp  and  weft  constitute  good  weaving.  A  skilled 
weaver  gives  just  the  amount  of  force  required  to  shuttle,  healds, 
and  batten,  and  no  more.  One  stroke  of  the  batten  hard  and  the 
next  soft  will  show  an  irregularity  in  the  "skin"  of  the  cloth. 
Fierce  driving  of  the  shuttle  causes  it  to  rebound,  and  the  next 
stroke  loses  half  its  power,  because  the  picker  has  to  travel  some 
length  before  touching  the  end  of  the  shuttle.  Heavy  treadling 
drags  the  warp  and  causes  breaks  in  the  ends.  It  is  a  very  instruc- 
tive fact,  and  of  value  to  others  besides  weavers,  that  the  finest  cloth 
is  the  easiest  woven.  The  best  weavers  are  those  whose  looms  last 
longest,  whose  work  is  quietest  and  most  nearly  automatic  in  its 
artful  adjustment. 

The  Value  of  the  Plain  Loom. — Plain  hand-loom  weaving,  it 
may  be  said,  has  almost  died  out,  and  the  value  of  studying  so 
elaborately  its  operations  may  be  seriously  questioned.  Several 
answers  can  be  offered  to  such  a  criticism.  First,  the  hand  loom 
is  not  obsolete,  and  never  can  be.  Patterns  in  all  textiles  are  still 
wrought  on  the  hand  loom.  Art  fabrics,  the  highest  grades  of  silks 
and  velvets,  and  many  other  kinds  of  cloths  are  woven  on  that 
ancient  instrument.  Further,  and  more  pertinent  to  the  purpose  of 
this  work,  every  motion  of  the  hand  loom  is  imitated  on  the  power 
loom.  Whoever  can  use  the  former  can  very  easily  manage  the 
latter.  Had  there  not  been  a  host  of  weavers  who  had  been  trained 
on  the  hand  loom  ready  to  work  the  power  loom,  that  wonderful 
invention  might  never  have  been  found  practicable.  It  was  the 
skill  of  the  weavers  which  made  the  first  rude  attempts  at  weaving 
by  power  successful.  When  the  old  race  of  weavers  began  to  die 
out,  it  was  then  the  inherent  defects  of  the  power  loom  became 
evident.  Invention  was  again  called  upon  to  make  good  the  lack 
of  skill   on   the   part   of   the    new   generation    of  weavers   who   knew 


THE    PRODUCTS   OF   THE    LOOM  133 

nothing  of  the  hand  loom.  It  must  always  be  remembered  that 
the  basis  of  a  mechanical  industry  is  the  handicraft.  While  we  are 
far  from  contending"  that  every  machine  minder  must  needs  be 
skilled  in  the  craft  from  which  the  machine  has  been  taken,  we  do 
hold  that  the  minder  will  be  better  able  to  work  the  machine  if  he 
or  she  understands  the  principle  of  the  manufacture.  Very  few 
machines  are  so  automatic  as  to  be  independent  of  the  intelligence 
of  the  minder.  The  loom  is  very  far  from  being  so  independent. 
Differences  of  skill  in  the  weavers  attending  power  looms  make 
great  differences  in  the  production.  One  weaver  in  a  Glasgow 
factory  earned  an  average  of  29^-.  per  week  on  the  same  looms  as 
some  of  her  neighbours  earned  15^-.  on.  What  this  means  to  the  firm 
owning  350  looms  may  be  imagined.  It  is  scarcely  possible  to 
instruct  practically  all  the  loom  minders  of  a  factory  in  the  working 
of  the  hand  loom ;  but  our  aim,  in  this  work,  is  to  give  such  instruc- 
tion as  will  enable  every  worker  to  understand  the  main  details  of 
weaving  operations.  The  absence  of  technical  training  must  be 
remedied  by  technical  education. 


CHAPTER    II 
The  Products  of  the  Loom 

Products  of  the  Loom. — Excepting  the  plough  alone,  the  loom  is 
the  most  necessary  of  tools,  the  means  of  supplying  one  of  the  main 
indispensable  needs  of  mankind.  To  detail  a  tithe  of  the  products  of 
weaving  would  be  to  present  a  long  catalogue  of  names,  bewildering 
in  variety  and  number.  Among  cottons  known  even  to  the  average 
house-mother,  for  instance,  we  have  calicoes,  fustians,  zephyrs,  gauzes, 
fancy  cloths  with  fanciful  names,  imitations  of  many  fabrics,  from  the 
heavy  blanket  to  the  lightest  cambric.  On  linen  looms  are  woven 
damasks,  diapers,  cambrics,  longcloths,  shirtings,  sheetings,  towellings, 
coverlets,  tablecloths,  and  other  personal  and  household  draperies. 
Wools  are  woven  upon  the  loom  into  broadcloth,  serges,  tweeds, 
meltons,  doeskins,  cashmeres,  voiles,  merinos,  alpacas,  flannels, 
blankets,  bedmats,  rugs,  imitation  furs,  ladies'  dress  goods  in  numerous 
shades  and  patterns.  Silks  of  every  kind  and  quality,  ranging  from 
narrow  ribbons  and  small  bookmarks  to  webs  of  heavy  brocade,  dress 
cloths,  embroideries,  gauzes,  fringes,  laces,  velvets,  come  from  under 
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the  hands  of  the  weaver.  On  the  loom,  also,  are  fabricated  the  various 
carpets,  oriental,  Brussels,  Axminster,  or  tapestry.  Cloths  of  mixed 
fibres,  canvas  and  Hessian  of  jute,  plushes  of  waste  silks,  ramie  cloths, 
tents  and  tarpaulins — all  textile  fabrics  are  woven  on  the  loom. 

The  immense  variety  of  textiles  has  not  been  caused  by  any  external 
circumstance;  it  is  the  creation  of  the  spirit  of  the  industry  itself.  In 
the  textile  market,  at  least,  supply  creates  demand.  Hence  the  fierce 
competition  among  cloth  manufacturers  and  drapers  for  the  public  eye. 
Inspired  by  an  artistic  impulse  from  the  first,  weaving  has  been  directed 
to  the  production  of  fabrics  pleasing  to  the  fancy,  to  the  love  of  decora- 
tion, gratifying  to  the  sense  of  beauty.  Delighting  in  their  craft, 
weavers  sought  to  extend  its  province,  to  captivate  by  diversity  of  tex- 
ture, variety  of  form  and  appearance,  and  ornamentation. 

Early  Methods  of  Ornamentation. — From  the  oldest  pieces  of  cloth 
extant,  dating  about  2000  B.C.,  it  would  appear  that  the  earliest  efforts 
at  ornamenting  cloth  involved  no  change  in  either  the  method  of  weav- 
ing or  the  loom  itself.  Staining  small  pieces  of  woollen  yarn,  the 
weaver  laid  the  coloured  pieces  within  the  warp  in  such  a  way  that  the 
crossing  of  warp  and  weft  enclosed  and  held  them  fast,  giving  a  resem- 
blance to  needlework  which  has  deceived  many  observers.  We  know, 
however,  that  Hindoo  weavers  still  practise  that  method  in  producing 
what  they  call  javidane. 

"  The  Hindoo  weavers",  wrote  a  traveller  of  the  nineteenth  century, 
"  place  the  patterns,  drawn  upon  paper,  below  the  warp,  and  range 
along  the  track  of  the  woof  a  number  of  cut  threads  equal  to  the  flowers 
or  parts  of  the  design  to  be  made;  then,  with  two  small,  pointed  bam- 
boo sticks,  they  draw  each  of  these  threads  between  as  many  threads  of 
the  warp  as  may  be  equal  to  the  width  of  the  figure  which  is  to  be 
formed.  When  all  the  threads  have  been  brought  between  the  warp, 
they  are  drawn  close  by  a  stroke  of  the  lay  or  batten ;  the  shuttle  is  then 
passed  by  one  of  the  weavers  through  the  shed,  and,  the  weft  having 
been  driven  home,   it  is  returned  to  the  other  weaver." 

Pattern  by  Changes  of  Weft. — Curiously  enough,  it  appears  more 
than  probable  that  the  hint  conveyed  by  the  spread  threads  of  coloured 
yarns  was  not  acted  upon  for  a  long  time.  To  put  the  coloured  threads 
into  an  extra  shuttle  seems  a  very  easy  step;  the  shuttle  would  have 
been  easier  to  handle,  at  least.  But  there  are  good  grounds  for 
believing  that  cloths  of  one  colour  were  woven  long  before  any  variation 
in  the  body  of  the  cloth — that  is,  change  of  warp  or  weft — was  thought 
possible.     Ancient  authors  tell  us  that  cloths  were  woven  of  dyed  yarns> 
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all  of  one  colour,  or  dyed  in  the  cloth,  after  being  woven.  Sometimes 
very  simple  devices  have  to  wait  a  long  time  before  being  perceived  and 
seized  upon.  Though  the  changing  of  the  weft  shuttle  seems  to  us  a 
simple  matter,  it  may  have  been  undiscovered  for  centuries  by  the 
weavers  of  the  ancient  world;  perhaps  the  change  of  shuttle  was  con- 
trary to  the  laws  imposed  by  custom  or  religion  upon  the  industry,  so 
varied  are  the  influences  which  govern  human  things.  The  approved 
method  of  introducing  variation  in  colour  into  cloths  was  by  added 
warp  or  weft,  a  method  since  developed  in  the  manufacture  of  swivels, 
lappets,  imitation  laces,  and  carpets. 

In  course  of  time  weavers  perceived  that  weft  of  two  or  more  colours 
could  be  introduced  into  the  body  of  the  cloth  by  employing  as  many 
shuttles.  At  first  it  appears  that  those  wefts  were  heavier  and  stronger 
than  the  ordinary  yarns;  threads  of  gold,  silver,  silk  cords,  and  twisted 
yarns  of  several  colours  were  the  wefts  of  the  early  pattern  designers 
who  wrought  their  ideas  out  with  the  weft. 

Coloured  Warps  and  Wefts. — From  coloured  wefts  to  coloured 
v^^arps  was  merely  a  consequent  step.  Staining  so  many  threads  of  yarn 
one  colour  and  so  many  another  colour,  dividing  them  between  warp 
and  weft,  arranging  the  warp  in  alternate  colours,  and  having  the 
spools  of  weft  similarly  proportioned,  the  weaver  could  obtain  pattern 
without  further  effort.  When  we  speak  of  a  plain  loom,  or  a  plain 
weave,  therefore,  we  do  not  mean  that  the  product  can  only  be  a  plain 
web  of  one  colour.  On  the  contrary,  some  of  the  most  wonderfully 
varied  cloths,  both  in  colour  and  texture,  have  been  woven  on  the  plain 
loom.  Variegated,  curled,  knopped,  twisted,  and  waved  yarns,  ot 
many  colours  and  any  fibre,  may  be  put  into  the  warp  and  weft,  in 
whatever  proportions  the  designer  desires.  The  only  problem  to  be 
solved  for  the  warp  is  how  that  variety  will  keep  in  harmony;  the  pro- 
blem in  the  weft  is  how  many  shuttles  can  be  wrought  by  the  weaver. 
These  are  simple  enough,  and  may  be  got  over  in  a  few  moments. 

Checks  and  Stripes. — In  everyday  practice,  however,  the  plain 
weave,  with  coloured  weft  and  warp,  is  largely  used  for  the  production 
of  checks  and  stripes.  Probably  the  most  popular  and  every  way 
successful  of  these  are  the  Highland  clan  tartans  of  Scotland. 

A  feature  in  check  weaving  on  the  plain  loom,  tartans,  and  the  like, 
should  here  be  noted,  because  it  illustrates  the  weakness  of  the  plain 
weave  and  the  need  for  another  method.  Suppose,  for  example,  we  are 
about  to  weave  a  cloth  with  small  checks  of  black  and  white.  The  warp 
is  divided  up  into  sections  of  12  threads  each,  alternately  black  and 
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white.  Provided  with  shuttles  containing  black  and  white  wefts,  we 
have  to  put  12  shots  of  each  colour  through  alternately.  Having 
woven  12  shots  of  black  and  then  12  shots  of  white,  what  do  we 
find?  If  our  aim  was  to  produce  alternate  checks  of  pure  black  and 
white,  we  shall  be  disappointed.  Remember  that  the  warp  is  striped 
black  and  white.  When  the  white  weft  crosses  the  black  stripe  in  the 
warp,  white  and  black  threads  show  in  the  cloth  alternately ;  when  the 
black  weft  passes  through,  the  same  thing  happens.  Thus  we  obtain, 
not  two  kinds  of  check,  but  three — pure  white  where  the  white  weft 
crosses  the  white  warp  stripe,  pure  black  where  the  black  weft  crosses 
the  black  stripe  in  the  warp,  and  mixed  black  and  white  where  opposite 
colours  in  warp  and  weft  are  crossed.  As  it  happens,  we  have  always 
regarded  the  variation  thus  produced  as  a  highly  desirable  effect  in 
black  and  white  checks,  softening,  as  it  does,  the  transition  from  the 
one  colour  to  the  other;    but  the  virtue  is  also  a  necessity. 

Resources  of  the  Plain  Loom. — Though  it  is  true  that  the  warp 
threads  must  alternately  cross  on  the  plain  loom,  there  are  ways  of 
varying  the  weave.  The  alternation  of  warp  over  weft  may  be  changed. 
If,  in  the  first  instance,  the  weft  has  crossed  over  the  odd-numbered 
threads  of  the  warp  and  under  the  even  numbers,  the  order  can  be 
reversed.  With  smooth  threads  this  has  no  eft'ect,  but  with  twisted 
threads  of  warp  or  weft  the  effect  is  very  considerable,  every  change 
reversing  the  direction  of  the  twist  on  the  yarn.  This  principle  is 
widely  applied  in  the  weaving  of  linens,  some  very  elaborate  patterns 
being  effected  by  no  other  means.  Another  simple  device  brings  out 
some  fine  effects  on  the  plain  loom.  The  sending  through  of  three  or 
more  picks  of  weft  without  working  the  warp  at  all  produces  a  fine  cord. 
Carrying  out  this  idea  further,  we  can  run  in  an  extra  weft  to  make 
a  raised  pattern.  Other  devices  are  possible,  but  the  only  person  who 
could  accomplish  them  is  a  weaver  who  thoroughly  understands  the 
whole  loom,  and  we  have  not  got  that  length  yet. 

Manipulation  of  the  Warp. — Ability  to  change  and  vary  colour  of 
Vvcft  and  warp  affords  the  designer  of  cloths  wide  scope,  and  gives  the 
weaver  a  considerable  degree  of  control  over  his  loom ;  but  the  more 
important  half  of  the  web  is  the  warp.  As  we  have  seen,  the  appliances 
which  control  the  warp  form  a  large  part  of  the  loom,  and  it  would  be 
strange  if  the  mechanism  were  not  adaptable.  Without  some  means  of 
varying  the  motions  of  the  warp,  we  should  be  confined  to  plain  weaves; 
every  time  the  warp  was  crossed  over  weft,  one  half  would  pass  over  the 
other.     Perhaps,  however,  the  warp  can  be  divided  into  three  portions 
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instead  of  two,  and  operated  in  that  way.  Working  with  three  heald 
shafts  there  is  not  much  danger  of  the  warp  being  crowded,  and  so 
one  of  the  four  heald  shafts  of  the  plain  weave  can  be  laid  aside.  Not 
having  much  experience  of  these  things  as  yet,  we  might  be  tempted 
to  try  healding  the  warp  straight  through,  passing  the  ends  i,  2,  3, 
through  the  successive  healds  hung  behind  each  other.  Suppose, 
further,  in  distrust  of  change,  we  work  the  healds  as  in  the  plain  weave, 
the  first  one  singly  and  the  other  two  together,  in  regular  succession, 
what  would  the  effect  be?  Two  warp  threads  would  appear  alternately 
with  one  warp  thread  down,  and  the  cloth  produced  would  have  the 
appearance  of  a  very  faint  cord. 
Though  the  result  is  slight,  it  is 
a  beginning.  We  have  learnt 
at  least  that  warp  can  be  woven 
in  different  proportions,  and  that 
is  something. 

Rudimentary  Twilling.  — 
With  no  more  than  three  heald 
shafts,  a  variety  of  weaves  can 
be  carried  out.  The  pattern 
most  commonly  worked  on  three 
healds  is  called  the  prunelle 
twill  (fig.  235).  In  this  weave 
the  three  heald  shafts  are  ope- 
rated in  succession,  the  order 
being  changed  every  round.  Say  that  we  start  with  heald  i  single, 
and  shafts  2  and  3  together.  Next  pick,  i  and  2  are  lifted  together 
and  3  singly.  Third  pick,  i  and  3  are  lifted  together  and  2  singly. 
Fourth  pick  is  operated  like  pick  i,  and  pick  5  like  pick  2.  Simple  as 
the  motions  are,  they  produce  a  pretty  effect,  the  cloth  showing  a  series 
of  fine  diagonal  lines  all  through. 

The  prunelle  twill  is  warp  flushed;  but  we  can  also  flush  the  weft. 
Instead  of  always  lifting  two  heald  shafts  of  the  three,  we  depress  two 
and  lift  one.  The  weft,  which  passed  under  the  two  warp  ends 
formerly,  now  passes  over,  going  under  one  warp  end.  Though  com- 
posed of  only  three  warp  and  three  weft  threads,  this  weave  makes 
a  wonderful  change  in  the  appearance  of  the  cloth.  On  the  surface 
it  seems  as  if  each  weft  thread  ran  diagonally  across  the  cloth. 

Added  Heald  Shafts. — Division  of  the  warp  is  an  idea  which  opens 
up  great  possibilities.     It  is  the  key  which  unlocks  the  gate  of  a  wide 
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province.  Four  heald  shafts,  each  having  a  part  of  the  warp,  can  be 
employed  in  forming  several  patterns;  but  the  prettiest  and  most  ser- 
viceable is  the  cassimere  twill  (fig.  236).  In  this  weave  a  pair  of  heald 
shafts  is  always  acting  as  one;  but  no  pair  acts  together  oftener  than 
once  in  four  picks.  For  instance,  at  the  first  pick  heald  shafts  i  and  2 
are  depressed  and  3  and  4  lifted ;  at  the  second  pick,  2  and  3  are  down 
and  I  and  4  lifted;  at  the  third  pick  3  and  4  are  down  and  i  and  2  up; 
at  the  fourth  pick  i  and  4  are  down  and  2  and  3  up.  The  weft  thread 
floating  over  every  pair  down  and  under  every  pair  up,  a  regular 
twill  is  formed  which  gives  to  the  cloth  a  very  nice  appearance. 

Harness  Loom 
Mounting's.  —  Hand- 
loom  weavers  have 
been  known  to  operate 
sixteen  heald  shafts ; 
but  manipulative  skill 
has  limits,  and  the 
weaver  who  could 
correctly  work  sixteen 
heald  shafts,  with 
treadles  correspond- 
ing, at  any  speed,  was 
exceptional.  Even  ten 
leaves  are  not  easy  to 
work,  especially  if  the  pattern  utilizes  to  the  full  the  varying  power 
of  the  appliances.  A  stop  seemed  to  be  laid  upon  progress  in  this 
direction,  and  yet  to  be  content  with  less  than  complete  control  of 
€very  thread  of  the  warp  was  to  confess  weakness  and  defeat  in  face  of 
challenge. 

Though  the  weavers  of  this  country  had  been  using  heald  shafts  for 
generations,  when  the  further  demands  of  the  artistic  spirit  made  larger 
control  of  the  warp  motions  necessary,  they  went  back  to  first  principles 
and  considered  each  heald  cord  as  a  separate  entity.  By  taking  the 
cords  from  the  shafts,  and  leashing  as  many  of  them  together  as  carried 
warp  threads  to  be  woven  in  the  same  way,  the  weaver  could  make 
many  groups.  Passing  the  leash  cords  through  pulleys  on  the  head  of 
the  loom,  and  giving  those  cords  into  the  hands  of  a  skilled  assistant, 
he  obtained  a  large  range  of  variation  for  his  warp.  From  stray  records, 
and  various  hints  not  quite  definite,  we  gather  that  weavers  first  em- 
ployed the  leashings  for  ornament  merely,  and  made  ordinary  heald 
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shafts  serve  for  the  body  or  ground  of  the  cloth.  That  this  method  was 
practised,  and  is  still  practised,  we  know;  but  the  doubtful  point  is 
whether  the  original  of  what  we  now  call  the  harness  loom  was  wholly 
made  up  of  leashes,  or  partly  of  leashes  and  partly  of  heald  shafts.  We 
are  told  that  weavers  in  the  East  have  employed  the  leashing  method  in 
its  entirety.  The  point  may  not  seem  large,  but  it  is  of  some  signifi- 
cance to  the  student  of  weaving.  Nothing  should  be  taken  for  granted 
in  technical  study;  very  small  matters  sometimes  come  to  have  large 
significance. 

Paisley  Harness  Loom. — Containing  the  main  ideas  of  every  form 
of  shedding  appliance  now  in  use,  this  old  loom  is  worthy  of  serious 
attention.  From  it  the  Jacquard,  the  dobby,  and  other  kinds  of  mount- 
ings performing  so  wonderfully  in  these  days,  were  directly  derived. 
To  give  a  clear  idea  of  it,  we  can  hardly  do  better  than  quote  the 
description  written  by  Matthew  Blair  in  his  book,  The  Paisley 
Shawl: — 

"On  the  manufacturer's  part,  the  first  important  point  was,  of 
course,  the  selection  of  the  design.  This  was  always  shown  in  minia- 
ture form — the  sketch  being  often  a  work  of  art,  fit  to  be  framed  for  wall 
decoration.  The  next  step  was  to  transfer  this  sketch  to  design  or  point 
paper,  which,  when  completed,  might,  in  some  cases,  cover  the  floor 
space  of  a  good-sized  room.  This  designing  required  minute  care. 
Each  small  square  must  bear  its  own  colour;  no  blurring  was  allow- 
able. 

"  This  design  or  point  paper  was  first  made  in  Paisley  by  Mr. 
Andrew  Blaikie,  engraver,  and  was  printed  directly  from  the  copper  or 
steel  plates  engraved  by  himself,  some  of  which  are  still  in  use  by  his 
successors,   Messrs.   Robert  Hay  &  Son. 

"The  squares  represented  the  point  at  which  a  weft  thread  crossed 
a  warp  thread,  so  that  every  weft  shot  that  was  to  complete  the  shawl 
could  be  counted,  and  there  would  be  sometimes  as  many  as  150,000 
weft  threads  crossing  the  loom  in  one  harness  shawl. 

"  If  Paisley  shawls  were  now  manufactured,  the  next  step  would  be 
the  card  cutting  of  the  design.  But  in  those  early  days  the  Jacquard, 
although  long  before  invented,  was  not  in  use  by  the  Paisley  weavers, 
and,  instead  of  the  card  cutter,  the  work  of  the  flower  lasher  came  into 
play,  which  we  may  now  attempt  to  describe. 

"  The  composition  of  the  design  vv^as  usually  limited  to  six,  seven,  or 
eight  colours,  and  the  ground  colour  upon  which  these  figuring  colours 
were  introduced.     The  first  point  was  to  determine  the  sequence  in 
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which  those  colours  would  run,  say,  i,  claret;  2,  green ;  3,  yellow;  4, 
blue;  and  so  on. 

"  The  flower  lasher  had  before  him  a  frame  not  unlike  that  of  a  card 
cutter,  but,  in  addition,  an  upright  web  of  strong  linen  thread  called 
a  'simple'.  The  simple  was  fixed  tight  before  the  lasher,  each  thread 
standing  before  each  upright  square  of  the  design.  A  straight-edge 
placed  across  the  design  revealed  only  one  minute  horizontal  line  of 
colour.  The  lasher  had  at  his  left  hand  a  bobbin  of  strong  cotton 
thread,  and  running  his  eye  from  left  to  right,  if  claret  coloured  two 
squares,  he  interlaced  the  cotton  thread  behind  the  corresponding 
threads  of  the  simple,  and  so  on  across  the  face  of  the  design.  This 
was  now  knotted  up  and  called  a  '  lash '.  The  next  colour,  green,  was 
treated  in  like  manner,  and  so  on,  till  all  the  colours  had  been  gone  over, 
and  when  completed  they  formed  a  '  bridle '.  Each  lash  represented 
one  colour,  and  each  bridle  the  whole  of  the  colours  in  one  line  of  weft. 
The  twines  of  the  simple  were  attached  overhead  to  the  tail  cords,  which 
were  passed  over  pulleys  and  connected  with  the  harness  twines.  At 
the  lower  end  of  each  of  these  harness  twines  was  a  metal  eye,  called 
a  '  mail ',  through  which  the  warp  thread  passed,  with  a  weight  below 
in  the  form  of  a  thin  piece  of  lead,  to  bring  it  down  and  keep  it 
straight. 

"  It  was  the  manipulation  of  these  lashes  on  the  simple  that  formed 
the  work  of  the  drawboy.  Drawing  out  each  lash  in  succession,  the 
boy  grasped  the  threads  of  the  simple,  thus  separating  them  from  the 
others,  and  pulled  them  down,  so  raising  the  requisite  warp  threads 
to  form  the  shed  through  which  the  shuttle  passed." 

To  complete  our  conception  of  the  whole  apparatus,  it  is  necessary 
to  view  the  harness  cords  themselves  (fig.  237).  Every  warp  thread  had 
its  own  heald  or  harness  cord.  The  cords  were  gathered  in  groups, 
according  to  the  design,  each  group  being  practically  a  heald  shaft.  To 
hold  all  the  cords  in  position,  over  the  warp  was  hung  a  long  board, 
named  the  comber^  or  cumber  boards  about  i  in.  thick,  5  or  6  in.  broad, 
and  the  length  of  the  breadth  of  the  warp.  It  was  perforated  with  as 
many  holes  as  there  were  threads  in  the  warp,  the  holes  being  disposed 
so  as  to  cover  no  greater  width  than  the  corresponding  threads.  A 
warp  60  threads  to  the  inch  required  a  board  perforated  in  that 
degree;  if  the  warp  threads  were  closer,  the  perforations  of  the  board 
required  to  be  equally  close.  Having  been  passed  up  through  this 
board,  the  warp  threads  were  gathered  in  their  respective  groups  and 
knotted.     From  each  knotted  leash  a  single  cord,  called  the  neck  cord, 
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was  extended,  and  run  through  a  smaller  board,  with  pulleys.  Through 
the  pulleys  the  neck  cords  passed,  and  were  fixed  to  a  standard,  or  other 
fixture,  at  the  side  of  the  loom.  The  number  of  neck  cords,  of  course, 
depended  upon  the  number  of  groups  into  which  the  warp  threads 
were  gathered.  Some  designs  required  as  many  as  1000,  and  others 
required  perhaps  less  than  100.  To  these  neck  cords,  as  they  ex- 
tended from  the  side  of  the  loom,  the  simples  above  described  were 
attached. 

Obviously  the  possibilities  of  variation  on   the  harness  loom  were 


Fig.  237. — Diaw  Loom 

A,  Frame  or  carriage.  B,  Pulley  box.  c,  Tail  cords.  D,  Neck  twines.  E,  Sleepers.  F,  Mails. 
G,  Hangers.  H,  Leads  or  weights.  I,  Comber-board.  K,  Simple  or  symbolt  cords.  L,  Leashes,  looped 
to  run  on  the  gut-cord  m.       n,  Bridles  drawing  down  the  leashes. 


very  large.  Every  lash  on  every  simple  gave  a  different  combination 
of  neck  cords,  and  the  neck  cords  were  numerous,  as  we  have  seen. 
Keenly  interested  in  their  art,  the  fathers  of  the  weaving  industry 
utilized  very  frequently  the  full  capacity  of  the  harness  loom.  It  is 
worthy  of  remark  that  the  oldest  textile  industry  in  this  country 
employed  the  most  elaborate  patterns.  Linen  damasks  showed  the 
highest  variation  in  weave  and  the  greatest  size  of  pattern.  Some  of 
those  old  patterns  awaken  wonder  even  in  our  day,  with  all  our  improved 
mechanical  appliances.  To  produce  some  of  the  damask  patterns  no 
fewer  than  6000  heald  shafts  would  be  required,  if  it  were  possible  to 
attempt  such  a  thing. 
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Gauze  Looms. — For  centuries  the  Hindoos  were  the  most  expert 
weavers  of  muslins  and  all  classes  of  gauzes  in  the  world.  When  the 
secret  of  that  mode  of  weaving  travelled  westward  we  have  no  record 
to  tell  us.  Until  the  mule  frame  had  been  brought  to  a  high  degree 
of  perfection,  gauze  weaving  was  not  common  among  us,  though  the 
method  of  working  was  probably  known  long  before  that  time.  It 
is  significant  that,  though  the  power  loom  was  invented  and  generally- 
accepted  for  ordinary  cloths, 
the  hand  loom  continued  to 
enjoy  a  preponderant  share  of 
the  gauze  trade  for  a  long 
time.  Silk  gauzes  were  woven 
very  early  in  this  country,  and 
that  was  probably  the  channel 
through  which  the  secret  of 
the  weave  came.  The  most 
important  part  of  the  gauze 
loom,  from  our  present  point 
of  view,  is  the  heald  shafts. 
Close  examination  of  a  plain 
gauze  shows  that  the  fabric  is 
made  by  the  crossing  of  one 
warp  thread  over  the  other, 
and  the  fixing  of  the  crossing 
by  the  passage  of  a  weft 
thread.  The  fabric  is  there- 
„  ,    ,        fore  a  miniature  netting.     The 

A,  A,  Fore  standard.       B,  B,  Back  standard.       c,  Under  doup  o 

shaft.      D,  Upper  doup  shaft.      E,  E,  Weights  to  keep  the  doup      dcvicC     bv    which     the     twistingf 

shafts  tight. 

of  the  warp  threads  upon  each 
other  is  accomplished  reveals  the  subtle  simplicity  characteristic  of  the 
Hindoo  genius.  It  is  the  contrivance  of  people  to  whom  mechanics 
were  less  than  mental  dexterity  in  productive  labour.  For  plain  gauze 
no  more  than  three  heald  shafts  and  what  may  be  called  a  half  heald 
shaft  are  necessary  (fig.  238).  Two  of  the  heald  shafts  are  set  in  the 
same  way  as  for  plain  weaving;  the  third  is  peculiar  and  needs  to  be 
accurately  observed.  In  itself  the  heald  shaft  has  nothing  remarkable 
about  it;  but  attached  to  it  is  the  slip  or  half  heald  shaft.  This  may 
be  secured  in  place  in  front  of  the  whole  heald  shaft  either  by  each  cord 
being  passed  round  the  loop  of  the  mail^  or  by  simple  insertion  through 
the   mail.      In   the  first  case  the  slip   is  permanently  fastened  to  the 
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Fig.  238. — Gauze-loom  Healds 


THE    PRODUCTS   OF   THE    LOOM 


H3 


heald  shaft;  in  the  second  case  it  is  secured  by  the  passage  of  the 
warp  threads,  and  hangs  by  them.  So  far  as  we  are  concerned,  the 
manner  of  fastening  the  slip  does  not  matter;  the  important  point 
is  that  it  hangs  so.  Now  having  got  our  heald  shafts,  we  proceed 
to  place  them  in  proper  relation  and  mount  them  in  the  loom  for 
work.  In  front  the  heald  shaft  carrying  the  slip,  to  be  called  here- 
after the  doup  heald  for  short,  is  hung  (fig.  239).  Behind  it  the  two 
common  heald  shafts  are  placed.  The  warp  is  drawn  through  the  two 
latter  heald  shafts  in  the  ordinary  way,  all  the  odd-number  threads 
passing  through  heald  shaft  i,  and  all  the  even -number  threads 
through  shaft  2.  Then  the  threads  in  the  loops  of  the 
cords  on  shaft  i  are  crossed  under  the  even  threads 
and  passed  through  the  loops  on  the  slip  or  half  heald 
shaft  hanging  on  the  doup  heald. 

Suppose,  for  the  sake  of  example,  we  are  weaving 
several  inches  of  plain  cloth  and  a  length  of  gauze 
alternately.  While  the  plain  cloth  is  being  woven, 
the  slip  heald  rises  and  falls  with  heald  No.  i,  the 
warp  threads  lifting  it,  while  the  doup  heald  remains 
stationary.  It  is  all  as  though  no  more  than  the  two 
heald  shafts  were  in  the  loom.  But  when  gauze  is  to 
be  woven,  the  doup  is  called  into  play.  Doup  and  slip 
rise  together,  lifting  the  crossed  thread  over  its  fellow; 
the  weft  thread  passes  through  at  the  same  moment, 
inserting  itself  like  a  rod  in  the  twist  and  rendering  it 
permanent;  with  the  descent  of  the  doup  the  knot  is  pig. 
completed  and  another  weft  thread  is  added  to  confirm 
it.  One  thing  must  be  noted  in  gauze  weaving,  and  that  is  the 
fixed  position  of  the  heald  shaft  holding  the  warp  threads  twisted 
upon;  it  remains  still,  holding  the  warp  threads  straight;  the  move- 
ment is  accomplished  by  the  doup  heald  carrying  the  over-twisting 
threads. 

The  space  between  the  stationary  heald  shaft  and  the  doup  heald 
is  very  short;  the  warp  threads  are  lifted  high,  making  a  very  sharp 
angle,  causing  a  stress  upon  the  warp  which,  if  unmitigated,  would 
certainly  break  ordinary  threads.  Many  and  curious  have  been  the 
appliances  invented  to  relieve  the  tension  thus  caused  upon  one-half 
of  the  warp  threads.  One  method  is  to  insert  a  roller  or  thick  rod 
under  the  warp  carried  by  the  doup,  which  holds  the  warp  tight 
while  the  plain  cloth  is  being  woven.     When  the  latter  comes  into 


239. — Doup  Healds 
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action,  and  gauze  is  being  woven,  the  rod  is  caused  to  drop,  letting 
out  the  warp.  A  small  apparatus  effects  this.  From  the  doup  a  pair 
of  cords  extend  up  to  a  pair  of  levers  hung  over  the  loom,  from  the 
ends  of  which  cords  are  carried  to  the  easing  rod.  So  long  as  the 
doup  is  down,  the  cords  are  firm,  and  hold  the  rod  up,  elevating  the 
warp  threads;  the  lifting  of  the  doup  at  once  slackens  the  cords  and 
lets  the  roller  down,  slackening  the  warp  to  the  degree  needed  for 
relieving  the  strain. 

Silk  weavers,  having  very  light  and  fine  warps,  sometimes  use  two 
separate  warp  beams,  with  a  lighter  tension  on  the  threads  which  pass 
through  the  doup  healds ;  but  this  is  chiefly  employed  when  the  whole 
web  is  gauze.  More  often  a  pair  of  special  healds  are  added  on  as 
slackening  agents,  the  healds  being  either  directly  attached  to  the 
doups  by  means  of  cords  and  lever,  or  operated  by  the  cognate  parts 
of  the  machine. 

Lappet  Weaving". — Closely  associated  with  the  gauze  loom,  though 
now  applied  to  other  fabrics,  is  the  lappet  weave.  This  weave  has 
been  justly  described  as  a  species  of  embroidery.  Patterns  in  various 
colours  are  produced  upon  the  surface  of  the  fabric  while  the  ordinary 
operation  of  weaving  is  going  on.  The  finest  elaborations  of  lappet 
work  have  been  carried  out  upon  the  power  loom ;  but  the  hand-loom 
weaver  led  the  way.  Essentially,  the  lappet  is  a  form  of  weaving  with 
extra  warp;  but  the  threads  are  controlled,  not  by  a  heald  shaft  or 
similar  motion,  but  by  special  appliances  operated  on  principles 
different  from  any  we  have  yet  touched  upon. 

Whips,  Needle  Shafts,  and  Discs. — Like  all  extra  appliances  of 
the  hand  loom,  the  lappet  mechanism  varied  a  good  deal ;  but  the 
main  parts  were  similar,  and  the  principle  in  every  one  was  the  same. 
Once  he  had  mastered  the  idea,  each  weaver  took  his  own  way  of 
carrying  through  the  designs  he  fancied.  Across  the  shuttle  race 
was  a  shelf  for  allowing  the  extra  warp  to  work.  Within  this  shelf, 
or  groove,  a  long  lath  containing  needles  fixed  upright  was  placed. 
Through  the  eyes  of  the  needles  came  the  extra  warp,  generally  from 
bobbins  grouped  conveniently  under  the  back  of  the  loom  (fig.  240). 
The  threads,  called  whips,  were  slack,  and  allowed  full  play  to  the 
needles.  Under  each  needle  bar,  or  bars,  was  fixed  a  long  rod,  the 
fingerlike  end  of  which  lay  in  a  groove  of  a  disc  at  the  side  of  the  loom. 
The  disc  contained  the  design  of  the  lappet.  It  was  made  of  some  hard 
wood,  because  the  stress  to  which  the  grooves  in  it  were  subjected 
was  sometimes  severe,  and  the  ridges  between  the  grooves  might  often 
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be  thin.     The  idea  of  lappet  weaving  is  to  insert  the  threads  in  the 
needles  between  the  crossing  threads  of  warp  and  weft,  so  as  to  trace 


Fig.  240. — Lappet  Frame 

A,  Lappet  disc.      B,  Hammer,  driving  the  disc  one  tooth  at  each  stroke.      c,  Projecting  portion  of  shifting-rod 
of  needle  frame.      d,  Handle  of  needle  frame.      e,  Spring  and  cord  to  adjust  tension  of  disc. 


a  figure  or  other  ornament  upon   the  cloth.     While  moving  forward 

with  the  batten  horizon- 
tally, the  needle  bar  had 
a  lateral  motion  imparted 
to  it  by  means  of  the 
finger  inserted  into  the 
grooves  of  the  disc. 
These  grooves  were  cut 
so  that  every  change  of 
direction  in  the  figuring 
threads  would  be  im- 
parted to  them  at  the 
proper  moment. 

Discs,  or  more  pro- 
perly lappet  wheels,  were 
generally  cut  by  the 
hand-loom  weavers  them- 
selves, from  fifty  to  a 
hundred  years  ago,  most 
of  them  having  some 
skill  in  the  use  of  carpenters'  tools.  Even  to-day  the  making  of  the 
lappet  wheels  for  the  power  looms  is  modelled  on  the  handicraft  system 


Fig.  241. 


-Lappet  Disc.     The  dotted  line  in  the  groove  shows  the  track 
of  the  point  of  the  pick  at  each  stroke. 
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Fig.  242. — Swivel  Shuttle 


(fig.  241).  First,  with  a  comb,  the  maker  drew  concentric  circles  on 
the  surface  of  the  wooden  disc,  the  spaces  between  the  lines  being 
proportioned  to  the  spaces  between  the  dents  in  the  reed.  From  the 
centre  of  the  wheel  radial  lines  were  drawn  to  divide  the  wheel  into 
equal  parts.  With  these  lines  as  guides,  the  weaver  cut  out  the 
grooves  on  the  surface  of  the  wheel  according  to  design.  The  edges 
of  the  grooves,  combined  with  their  direction  and  the  angle  of  space 
between  the  feeler  at  the  end  of  the  shifter  bar,  would,  if  stretched 
out  in  length,  give  an  exact  outline  of  the  pattern  of  lappet  flower 
to  be  made.  The  outside  edge  of  the  lappet  wheel  was  toothed  for 
driving  purposes,  and  the  general  rule  was  "a  tooth  for  two  picks". 
Limited  as  the  radius  of  the  lappet  figuring  appa- 
ratus was,  very  pretty  patterns  were  produced  by  it. 
Of  course  two  or  three  needle  bars  could  be  intro- 
duced, with  different  colours  of  whip,  or  extra  warp. 
At  pleasure,  the  weaver  could  let  the  needle  bars 
drop  down  out  of  the  weave  altogether,  and  form 
small  figures  at  various  distances  apart.  As  has  been 
hinted,  lappet  weaving  has  been  largely  taken  over 
by  the  power-loom  weavers,  the  mechanism  being 
readily  adapted  to  the  modern  machine. 
Swivels. — A  swivel  is  a  small  shuttle  containing  extra  weft,  the 
design  of  which  is  to  perform  by  weft  the  same  function  as  the  lappet 
did  by  warp.  Swivelling  affords  wider  scope  for  figuring,  and  the  work 
is  better  done;  but  the  process  is  very  slow — so  slow  that  the  hand 
loom  still  competes  strongly  with  the  power  loom  in  that  line.  It  is 
unnecessary,  therefore,  to  use  the  past  tense  in  describing  the  weaving 
•of  swivel  cloths.  No  doubt,  as  we  shall  see,  power-loom  builders  have 
lessened  bit  by  bit  the  obstacles  to  swift  work  presented  by  the  character 
of  the  operation;  but  in  silk  factory  and  gauze-weaver's  shop  the  hand 
looms  are  still  busy  on  swivels. 

Swivel  Shuttles. — We  fear  that  the  average  buyer  of  fancy  silk  and 
cotton  fabrics  scarcely  troubles  to  guess  how  the  ornaments  which 
please  the  sense  of  beauty  have  been  made;  but  if  an  enquiry  has 
arisen  in  their  minds,  it  could  only  be  stifled  in  wonder.  We  have  seen 
swivel  cloths  accepted  as  hand-wrought  embroidery,  so  inexplicable  is 
the  action  of  the  little  shuttles.  A  swivel  shuttle  bears  no  resemblance, 
except  in  function,  to  the  common  loom  shuttle.  It  is  a  small  wooden 
box,  shaped  like  a  blunt  cone,  with  a  toothed  wheel  fitted  into  a  slot 
in  its  base  (fig.  242).     From  both  sides  of  the  interior  of  the  box  come 
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out  pins  upon  which  the  weft  spool  is  set  and  firmly  held.  Through 
the  apex  of  the  cone  a  hole  is  pierced  for  the  thread  to  pass  through 
(fig.  243).  This  is  the  simplest  kind  of  swivel  shuttle;  some  of  the 
newer  ones  are  very  complex.  The  spool  in  the  more  improved  shuttles 
is  held  by  a  spring  wire,  and  the  tension  is  regulated  by  small  flat 
springs  on  both  sides  of  the  shuttle  eye. 

Having  been  filled  with  small  spools,  the 
shuttles  are  fitted  into  a  carrying  frame  fixed 
in  front  of  the  batten,  just  under  the  hand  rail. 
A  double  motion  is  given  to  the  frame;  it  can 
be  moved  vertically  and  laterally.  On  the  upper 
side  is  a  long  pinion  rack  which  catches  into 
the  toothed  wheels  of  the  shuttles  and  drives 
them.  The  framing  must  be  light  and  strong, 
gripping  the  shuttles  firmly,  while  allowing  them 
free  action. 

Operating  the  Swivel  Apparatus. — The  number  of  shuttles  on  a 
swivel  loom  is  determined  by  the  design  and  the  accommodation  on 
the  breadth  of  the  web.  Being  at  least  an  inch  in  breadth,  the  shuttles 
cannot  be  crammed  together  like  warp  healds.  Though  this  would 
seem  to  impose  a  limit  of  insuperable  character  on  the  freedom  of  the 
designer,  it  is  not  really  so.  Modifications  of  the  lateral  motion  of 
the  holders  bridge  over  the  spaces,  and  we  can,  if  we  choose,  make 
figures   continuous   over   the  whole   length  and    breadth   of  the  web. 

A 


Fig.  244. — Swivel  Shuttle  Motion 
A,  Rack,  sliding  by  means  of  the  lever  B.      c,  Pinions  driven  by  the  rack  and  driving  the  shuttles. 


While  the  plain  cloth  is  being  woven,  the  swivel  shuttles  are  held 
up  out  of  gear;  but  at  the  point  where  figuring  begins  the  frame  is 
lowered,  and  it  places  the  shuttles  on  the  level  of  the  race,  upon  which 
the  appropriate  warp  threads  are  lying  flat,  while  the  threads  above 
make  the  shed.  A  touch  sends  the  shuttles  along  the  rack,  and  the 
short  weft  threads  are  laid  within  the  shed,  to  be  crossed  alone  or 
joined  by  ground  weft,  as  may  be  designed.  During  the  operation 
of  the  swivel  shuttles  the  rest  of  the  loom  is  practically  stationary. 
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Moreover,  the  weaver's  eye  is  his  only  guide  to  correctness  and  the 
avoidance  of  broken  threads  and  other  like  accidents.  Swivel  weaving 
is  therefore  anxious  work,  slow,  and  trying;  but  the  results  are  certainly 
very  fine. 

Play  of  Weft  and  Warp. — Having  mastered  his  loom,  the  ambition 
of  the  weaver  has  brooked  no  bounds.  He  has  played  with  warp  and 
weft  as  the  juggler  with  the  tools  of  his  trade.  He  has  designed  double- 
faced,  double  cloths,  with  either  flushed  weft  or  flushed  warp.  He  has 
made  crinkled  cloths,  iridescent  cloths,  flounced  webs,  hidden  weft 
where  the  weft  should,  in  ordinary  course,  appear;  made  cloths  which 
seemed  to  have  no  warp.  These  adventures,  however,  bring  out  no 
new  principle  in  the  weaver's  craft,  and  our  present  survey  is  confined 
to  the  beginnings  of  things  in  weaving.  When  we  have  obtained  a 
clear  conception  of  what  textile-fabric   manufacture  really   means,  we 


Fig.  245. — Section  of  Pile  Cloth,  showing  Looping  Wires  and  Method  of  Cutting 

shall  be  able  to  place  all  the  variations  in  the  process  in  their  proper 
positions  and  understand  their  relative  values. 

Plush  Weaving. — In  its  essence  a  textile  fabric  is  an  imitation  skin. 
Cloth  is  worn  as  a  substitute  for  fur,  and  the  warm  hairy  quality  of  fur 
has  always  been  held  desirable  in  all  garments  worn  for  warmth  or  for 
ceremonial  dignity.  Whether,  in  the  latter  case,  the  memory  of  furry 
robes  of  our  primeval  ancestry  persists  we  cannot  undertake  to  assert. 
From  the  highest  and  most  desirable  skins  a  soft  fell  of  hair  extrudes, 
imparting  to  the  surface  a  softness,  elasticity,  and  lustre  which  cloth, 
as  woven  on  the  common  loom,  does  not  possess.  It  is  the  hairy,  furry 
quality  which  has  been  aimed  at  in  all  that  class  of  fabrics  generally 
comprehended  under  the  title  of  plushes,  A  certain  kind  of  cotton 
velvet  has  been  named  plush;  but  the  name  really  belongs  to  all 
fabrics  which  have  a  raised-pile  surface.  To  the  class  belong  all 
velvets,  terrys,  rugs,  Axminster,  Brussels,  Wilton,  tapestry,  patent 
Axminster,  and  most  kinds  of  carpet.  Among  carpets  a  curious 
classification  occurs.  Oriental  carpets  are  not  woven  in  the  ordinary 
sense  of  the  term ;  they  are  tufted,  and  tied,  then  bound  by  a  shot 
of  weft.  Though  plush  fabrics,  it  is  doubtful  if  we  can  include  them 
among  woven  plushes.    On  the  other  hand,  patent  Axminster,  tapestry, 
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and  Crompton  carpets  are  mostly  the  products  of  machinery  and  the 
power  loom,  and  have  no  place  among  the  fabrics  actually  evolved 
and  woven  by  the  hand-loom  weaver.  Few  carpets,  it  may  be  said, 
are  now  woven  on  the  hand  loom ;  but  the  principles  upon  which 
they  are  constructed  were  evolved  on  that  machine,  and  the  same  can 
hardly  be  predicated  of  those  named,  with  the  exception,  perhaps,  of 
the  patent  Axminster,  which  is  still  partly  woven  on  the  hand  loom. 
Amid  such  complexity  it  is  probably  advisable  to  take  the  whole  class, 
passing  lightly  over  those  parts  which  do  not  lie  obviously  in  our  way 
or  may  be  inexplicable  without  reference  to  the  power  loom.  In  a 
subject  so  large  some  things  must  be  taken  for  granted,  for  a  time 
at  least. 

Velvets. — The  highest  and  simplest  of  the  plushes  are  the  velvets. 
No  fabric  equals  silk  velvet  in  richness,  strength,  and  beauty.  Bril- 
liant in  colour,  shining  with  a  shimmering  lustre,  velvet  has  yet  a  soft 
depth  and  splendid  solidity  removing  it  as  far  from  tawdriness  as  does 
the  modest  plainness  of  the  commonest  calico.  It  is  this  solid  dignity 
which  has  made  velvet  the  fittest  material  for  ceremonial  robes,  for  the 
garments  of  kings  and  queens,  princes  and  peers,  and  high  public 
functionaries,  on  occasions  of  state.  The  fabric  is  itself  an  ornament, 
being  of  service  in  trimming  ladies'  hats  and  dresses,  and  for  other 
decorative  purposes.  Though  much  in  evidence,  the  total  quantity 
of  velvet  manufactured  is  not  very  great;  the  industry  is  small  and 
special.  Several  causes  limit  the  trade.  For  one  thing,  the  wonderful 
durability  of  the  fabric  helps  to  diminish  consumption ;  a  dress,  or 
robe,  or  trimming,  of  velvet  lasts  a  long  time.  Still  more  potent  in 
restricting  the  market  is  the  cost  of  the  material.  It  is  the  costliest 
of  textile  fibres,  and  an  expensive  cloth  can  appeal  only  to  a  limited 
class  of  buyers.  In  the  very  nature  of  things,  velvet  weaving  must 
always  remain  a  small  branch  of  the  textile  industry,  though  probably 
one  of  the  most  permanent. 

The  Velvet  Loom. — The  only  obvious  difference  between  a  plain 
hand  loom  and  the  velvet  loom  is  the  two  warp  beams  at  the  back, 
where  one  is  usual.  Apart  from  the  loom  structure,  another  difference 
appears  in  the  shape  of  long  wires,  of  which  the  weaver  always  keeps 
a  few  at  hand. 

Velvet  consists  of  pile  and  ground  cloth,  the  former  being  woven 
into  the  latter.  More  thread  must  be  consumed  in  the  pile  than  in  the 
cloth;  therefore  to  put  them  both  on  one  warp  beam  is  impossible. 
One  of  the  drstinctive  features  of  all  plush  weaving  is  this  separation 
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of  warps;  some  fabrics  of  the  class  have  as  many  as  eight  warps. 
Velvet,  however,  has  only  the  two.  At  the  back  of  the  loom  the 
ground-warp  beam  is  slung,  like  a  warp  for  common  cloth  weaving^ 
as  it  really  is,  with  the  letting-off  apparatus  formerly  detailed.  Above 
it  the  pile  warp  hangs,  very  simply  geared;  because  of  the  great 
strength  of  the  threads  it  is  unnecessary  to  do  more  than  maintain  the 
tension.  Both  warps  pass  into  the  healds  as  one  solid  body.  Two  sets 
of  healds  are,  of  course,  required ;  but  that  and  the  work  of  drafting 
belong  to  another  section. 

Looping  Wires. — As  we  have  said,  a  characteristic  of  all  kinds  of 
plush  is  the  pile.  To  produce  the  appearance  of  fur,  the  warp  must 
be  raised  above  the  level  of  the  ground  warp,  though  bound  in  with 
it.  This  is  the  function  of  what  are  rightly  named  the  looping  •wires. 
Every  time  the  pile  warp  is  to  be  raised,  the  weaver  inserts,  instead  of  a 
pick  of  weft,  a  wire  a  little  longer  than  the  breadth  of  the  warp.  On 
the  board  at  his  right  the  weaver  has  three  or  four  of  these  long  wires. 
At  the  moment  the  warp  is  brought  up  for  looping,  he  lets  the  picker 
handle  drop,  and  deftly  inserts  a  wire  under  the  pile  warp.  At  the 
same  moment  a  thread  of  ground  warp  has  flushed;  but  the  wire  is 
passed  over  it.  Together  both  pile  and  ground -warp  threads  are 
lowered  at  the  next  crossage  of  the  warp,  and  a  weft  pick  is  sent 
through  the  shed,  binding  the  wire  in  and  forming  the  cloth.  In 
every  second  flush  of  the  pile  warp  the  wiring  is  omitted,  the  object 
being  to  make  a  secure  binding  of  the  pile  into  the  body  of  the  cloth. 
A  thin  pile  is  the  natural  result,  and  velvet  manufacturers  aim  at  the 
thickest  pile  possible.  By  adopting  a  different  weave,  the  weavers  of 
Utrecht  were  able  to  get  a  secure  binding  while  looping  up  every  flush 
of  the  pile  warp.  The  system  is  now  common  in  this  country,  espe- 
cially in  the  manufacture  of  velvets  for  robes  and  high-class  millinery. 

Terry  and  Velvet. — To  form  the  pure  velvet  pile  the  loops  of  the 
pile  warp  are  cut.  Cutting  is  done  by  the  hand-loom  weaver,  as  a  rule, 
with  a  long-bladed  knife,  which  is  run  through  every  line  of  loops, 
severing  them  in  the  centre,  and  leaving  a  nice  length  of  pile  on  both 
sides.  As  the  cloth  is  being  woven  the  weaver  withdraws  the  wires 
which  have  served,  for  re-insertion.  Sometimes  on  the  hand  loom,  and 
always  on  the  power  loom,  the  knife  is  fixed  on  the  ends  of  the  wires, 
and  as  they  are  being  withdrawn  the  blade  makes  the  necessary  cut. 

When  the  loops  are  whole,  the  fabric  is  called  terry.  Designers 
take  advantage  of  the  different  appearance  of  the  loop  and  the  cut  pile^ 
and  construct  pretty  patterns  on  the  interchange  of  terry  and  cut  pile. 
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Brussels  Carpets. — Vast  as  the  difference  is  between  velvet  and  the 
Brussels  carpet,  both  belong  to  the  plush  class.  First  woven  in  this 
country  by  a  Belgian  weaver,  at  Kidderminster,  about  1750,  the  heavy 
fabric  was  originally  woven  on  the  hand  loom,  though  the  manufacture 
is  now  almost  wholly  carried  on  by  the  power  loom.  Like  all  plush 
fabrics  the  Brussels  carpet  consists  of  ground  and  pile  warp;  but  the 
number  of  warps  varies  from  four  to  eight.  Ground  warp  is  made  up 
of  two  sections,  the  one,  called  the  small  chain,  of  linen  thread,  which 
is  the  ground  warp  proper,  and  the  other,  named  the  stuffer  -warp, 
composed  of  jute,  is  what  might  be  called  a  filling.  Only  the  linen 
warp  forms  a  shed. 

The  pile  warp  of  the  Brussels  carpet  consists  of  two,  three,  or  more 
layers  of  coarse  worsted  thread.  Only  one  row  of  loops  can  appear 
on  the  surface  of  the  carpet  at  one  time.  The  pile-warp  threads  which 
do  not  come  to  the  surface  form  the  heavy  body  of  the  fabric.  In  the 
original  form  of  Brussels  carpets  the  pile  threads  were  ranged  in  frames 
behind  the  loom;  each  frame  contained  a  different  colour  of  yarn;  the 
different  colours  were  looped  up  according  to  the  design.  Carpets 
were  designated  3-frame,  4-frame,  and  5-frame,  indicating  the  number 
of  frames  and  layers  of  thread  contained  in  the  warp.  Taken  generally, 
the  higher  the  quality  of  the  carpet,  the  greater  the  number  of  frames. 

Brussels  Draw  Loom. — In  several  respects  the  old  form  of  Brussels- 
carpet  loom  resembled  in  structure  the  harness  loom  upon  which  the 
Paisley  shawl  was  woven.  There  was  the  ground  warp,  operated  by 
heald  shafts ;  the  pile  warp  was  wrought  by  harness  constructed  by  the 
flower  lasher  or  his  fellow  in  the  carpet  trade.  Stuffer  and  small  chain 
were  healded  like  any  plain  warp.  Round  every  thread  in  the  pile 
Avarp  was  passed  a  harness  cord,  on  the  lower  end  of  which  depended 
the  lingo,  or  weight.  Being  called  upon  to  enclose  the  whole  bulk  of 
the  pile  warp  not  looped  up,  the  small  chain  or  linen  warp  gave  out 
a  greater  length  than  the  stuffer  warp,  which  merely  filled  up.  There- 
fore the  two  parts  of  the  ground  warp  were  carried  on  separate  beams. 

Contained  in  frames  or  long  boxes,  the  pile-warp  threads  could  be 
drawn  upon  to  as  small  or  as  large  a  degree  as  the  design  required. 
All  the  threads  in  the  pile  warp  were  continuous  throughout  the  loom, 
though  not  more  than  one  in  each  frame  could  be  looped  up  at  a  time. 
That  is  to  say,  in  a  5-frame  carpet  there  were  always  four  threads 
hidden  in  the  body  of  the  carpet,  from  end  to  end.  This  gave  the 
fabric  weight  and  solidity. 

Weft  and  Wires. — The  weft  of  the  Brussels  carpet  never  appears 
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on  the  surface.  It  binds  together  the  whole  set  of  warps.  For  such 
a  purpose  the  weaver  needs  a  strong  thread  of  some  bulk,  and  not  too 
hard.  He  found  it  in  linen.  Brussels-carpet  weaving  on  the  hand 
loom  was  a  slow  and  laborious  process.  For  every  single  line  of  loops 
three  sheds  and  two  picks  of  weft  were  required.  In  other  words,  to 
complete  the  structure,  the  warp  was  shed  six  times,  four  picks  and 
two  wires  were  put  in.  For  every  shed,  of  course,  there  was  either  a 
wire  or  a  pick  of  weft;  in  the  pile  the  wires,  and  in  the  warp  the  weft, 
was  inserted. 

When  the  warp  threads  which  were  to  form  the  pile  of  one  row  had 
been  lifted  up  by  the  heald  cords,  a  wire  was  inserted  in  the  shed.  The 
next  shed  being  for  the  formation  of  ground,  the  pile  warp  was  pulled 
down  over  the  wire  and  bound  in  with  the  ground  by  linen  warp  and 
a  pick  of  weft.  The  next  shed  was  also  a  ground  shed,  and  the  next 
a  pile  loop.  As  soon  as  three  or  four  of  the  loops  had  been  formed, 
the  wires  first  woven  in  were  withdrawn.  A  twofold  purpose  was 
served.  The  weaver  was  enabled  to  weave  the  whole  carpet  with  a 
small  stock  of  wires,  and  the  wires,  which  otherwise  might  have  cut 
the  loops  if  left  in,  were  taken  away. 

Wilton  Carpets. — It  is  commonly  said  that  a  Wilton  carpet  is  a 
Brussels  with  the  pile  loops  cut  to  form  a  velvet  face;  but  the  practical 
weaver  knows  that  such  a  description  is  wholly  inadequate.  The  velvet 
pile  of  the  Wilton  involves  a  modification  of  Brussels  structure;  we 
cannot  make  the  former  out  of  the  latter  by  simply  cutting  the  loops. 
The  round  wire  of  the  Brussels  loop  would  give  a  very  short  fur;  there- 
fore the  wires  of  the  Wilton  carpet  are  oval  in  form  and  draw  the  loops 
into  a  longer  shape,  making  a  higher  pile.  Again,  while  a  single  weft 
shot  on  each  side  of  a  loop  is  sufficient  to  bind  it  into  the  ground  cloth, 
that  form  of  structure  would  leave  the  sections  of  the  cut  pile  loose  on 
one  side.  For  that  reason,  to  every  wire  in  the  Wilton-carpet  pile 
there  are  always  three  weft  shots.  The  structure  of  the  Wilton  carpet 
repeats  on  a  large  scale  the  structure  of  silk  velvet. 

When  woven  in  the  hand  loom,  Wilton  carpets  were  cut  by  hand; 
but  the  wire  used  in  the  power  loom  has  on  its  end  a  sharp  blade  which 
cuts  the  loops  as  the  wire  is  being  automatically  withdrawn. 

Oriental  Carpets. — The  massive  and  durable  carpets  and  rugs  of 
the  East  have  never  been  woven  to  any  extent  in  this  country.  Pro- 
duced by  cheap  labour  as  they  are,  these  carpets  are  too  costly  for  all 
save  the  very  wealthy.  Our  industrial  conditions  preclude  production 
unless  for  a  constant  demand.     The  making  of  the  Oriental  carpet  may 
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be  described  as  knotting  by  hand,  confirmed  by  weft  on  the  loom. 
Without  some  slight  knowledge  of  the  structure  of  the  Oriental  carpet 
we  can  hardly  appreciate  fully  the  character  and  development  of  the 
Crompton,  or  Moquette,  and  the  patent  Axminster. 

The  most  common  method  of  making  Oriental  carpets  takes  us  right 
back  to  the  very  primitive  method  of  weaving.  In  remote  Persian 
villages,  where  the  carpets  are  woven  by  years  of  labour,  we  find  this 
earliest  form  still.  First  a  network  of  linen  or  firmly  twisted  woollen 
threads  has  been  made,  the  vertical  threads  being  in  the  position  of 
warp  and  the  horizontal  threads  being  weft.  The  netting  is  stretched 
on  a  rough  frame,  each  pair  of  horizontal  and  vertical  threads  forming 
a  sort  of  square  opening,  into  which  the  tufts  are  set.  Having  selected 
the  various  coloured  threads  to  make  up  a  single  tuft  of  the  pattern, 
the  weaver  twines  them  round  the  weft  and  warp  threads  forming  the 
square.  To  make  sure  of  a  firm  structure,  he  then  takes  a  skein  of 
fine  strong  twine,  and,  after  winding  it  round  the  base  of  the  tuft, 
passes  it  alternately  under  and  over  the  crossing  or  weft  threads. 

Even  in  the  tranquil  East  there  are  currents  of  progress;  the  tides 
of  Western  enterprise  stir  into  activity  the  dormant  energies  of  the 
passionately  dreamy  inhabitants  of  the  South.  In  consequence  we 
find,  in  great  industrial  centres,  such  as  Teheran,  that  some  progress 
towards  industrial  manufacture  of  carpets  has  been  made.  The  Persian 
carpet  manufacturer  has  set  up  a  kind  of  loom,  which  is  interesting. 
Between  two  strong  posts,  standing  upright,  he  has  slung  his  warp 
beam,  composed  of  linen  threads,  a  cross  bar  for  supporting  the  cloth, 
and  a  beam  for  winding  it  on.  Suspended  weights  hold  the  vertical 
warp  in  tension.  Having  drawn  the  design  to  full  size,  the  weaver 
places  it  behind  the  vertical  warp,  so  that  he  can  imitate  what  is  always 
before  his  eyes.  Selecting  a  tuft  of  worsted  pile,  he  twines  it  round 
two  warp  threads,  leaving  both  ends  free.  Next  he  runs,  over  and 
under  alternately,  the  linen  weft  across  the  warp,  firmly  binding  the 
tuft  in.  This  he  does  row  after  row,  and  beats  the  whole  closely 
with  a  wooden  tool.  Slow  as  the  method  seems,  carpets  of  great 
weight  and  strength  are  quickly  produced  by  an  expert  weaver  on  the 
rude  semblance  of  a  loom.  Lately,  under  the  influence  of  European 
commerce,  the  carpets  woven  by  Eastern  weavers  have  declined  in 
quality. 

Axminster  Carpets. — The  real  Axminster  is  the  Oriental  carpet 
woven  on  a  plain  loom  and  tufted  by  hand.  After  many  ups  and 
downs  this  branch  of  carpet  manufacture  has  been  established  in  Great 
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Britain,  partly  by  the  employment  of  cheap  labour  in  country  districts 
and  partly  by  the  patronage  of  an  art-loving  public. 

Moquette  and  Crompton  Axminster  Carpets. — In  main  structure 
the  carpets  named  Moquette  and  Crompton  Axminster  are  similar. 
Developed  originally  in  France,  as  an  imitation  of  the  Oriental  tufted 
carpet,  this  form  of  carpet  was  brought  over  to  England  by  Huguenot 
refugees.  Though  the  mechanism  of  the  loom  was  elaborate,  the 
EnMish  weavers  soon  learned  to  work  it.  The  chief  feature  of  the 
loom  was  the  tufting  mechanism,  the  purpose  of  which  was  to  insert 
one  end  of  a  short  piece  of  worsted  into  the  warp,  and  trail  it  so  that 
the  other  end  came  up  beyond  the  binding  weft  shot.  The  peculiar 
form  of  the  mechanism  lent  itself  so  readily  to  the  structure  of  the 
power  loom  that  the  hand  loom  was  displaced.  We  have  therefore  to 
pass  over  the  details  of  the  various  looms  meanwhile,  to  take  them 
up  in  order  in  the  sections  following. 

Patent  Axminster  Carpets. — The  tufted  pile  of  the  Patent  Ax- 
minster carpet  is  constituted  by  the  weaving  into  the  warp  of  closely 
cut  skeins  of  chenille  fringe,  the  ends  of  the  chenille  projecting  upwards 
and  forming  a  close  and  high  pile.  Originally  invented  by  a  Paisley 
weaver,  the  idea  was  taken  up,  improved,  and  patented  by  Mr.  James 
Templeton,  the  founder  of  the  well-known  firm  of  carpet  manufacturers. 

The  Chenille  Hand  Loom. — As  we  have  indicated,  the  main  object 
of  the  chenille  loom  is  to  provide  fhe  "fur"  of  the  carpet  in  the  shape 
of  chenille  strips  of  tufted  weft.  The  loom  itself  resembles  in  several 
particulars  the  common  gauze  loom.  There  are,  however,  two  distinct 
warps,  and  the  threads  are  combined  in  divisions  of  three,  instead  of 
the  pairs  described  on  the  gauze  loom,  operated  by  six  heddles: 
I,  2,  and  3,  ordinary  heald  shafts;  4,  the  dummy  shaft  for  lifting  the 
half  heald;  5,  the  standard  heald  shaft;  and  6,  the  half  heald,  or  slip, 
familiar  to  all  students  of  gauze  weaving.  Counting  from  the  back, 
warp  thread  i  passes  through  heald  shaft  i,  thread  2  through  heald  3, 
warp  thread  3  through  heald  2.  All  warp  is  held  by  heald  4,  because 
it  is  the  dummy.  At  this  point  a  very  important  act  takes  place. 
Thread  i  is  crossed  under  threads  2  and  3,  and  passes  through  the 
slip  heald;   the  others  are  free. 

For  controlling  the  movements  of  the  heald  shafts  there  are  four 
treadles,  the  skeleton  shaft  and  the  slip  heald  having  no  independent 
motions,  the  one  depending  on  heald  shaft  i  and  the  other  hanging 
on  the  standard  heddle.  To  make  an  open  shed,  as  for  ordinary 
weaving,  shafts  i  and  2  are  lifted;  the  dummy  shaft  also  lifts,  carrying 
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with  it  the  sHp  heald.  When  the  gauze  is  to  be  made,  however,  a 
change  takes  place  in  their  relations.  Warp  threads  2  and  3  are 
brought  down ;  the  crossed  thread  i  is  lifted,  by  the  standard  heald, 
and  it  is  thus  brought  over  the  side  of  its  cognate  threads,  forming 
a  twine  upon  them.  With  the  insertion  of  a  weft  thread  the  twine 
is  confirmed  and  gauze  netting  made. 

In  several  particulars  this  kind  of  gauze  warp  differs  strongly  from 
that  of  any  other.  Each  set  of  gauze-forming  warp  threads  must  be 
a  certain  distance  apart — the  distance,  that  is,  required  for  the  length 
of  the  chenille.  Say  that  we  require  chenille  fur  |  in.  long,  then  we 
must  place  each  set  of  warp  threads  about  i^  in.  apart.  The  woven 
strips  of  chenille  are  cut  in  two  to  supply  the  fur.  Further,  the  weft 
threads  are  woven  as  closely  as  possible  together,  and  not,  as  in  gauze, 
kept  apart  by  the  twist  of  warp  with  weft  in  a  symmetrical  rectangle. 
Another  difference  is  that  the  warp  and  weft  are  of  two  wholly  different 
materials,  the  warp  being  cotton  or  linen,  and  the  weft  worsted. 

Weft  for  Chenille. — The  pattern  of  the  design  having  been  lined, 
the  ruled  paper  is  cut  across  between  two  successive  threads ;  then  the 
strips  are  joined  together,  the  right-hand  end  of  the  top  strip  to  the 
right-hand  end  of  the  second ;  the  left-hand  end  of  the  second  strip  to 
the  left-hand  end  of  the  third  strip;  the  right-hand  end  of  the  third  strip 
to  the  right-hand  end  of  the  fourth;  and  so  on,  till  the  whole  pattern, 
cut  into  strips,  has  been  reconstructed  in  that  form.  Every  line  of 
colour  on  that  long  strip  represents  a  pick  of  weft.  For  his  guidance 
the  weaver  has  the  strip  pasted  up  at  the  side  of  his  loom. 

Chenille  Weft.  —  Double  worsted,  of  4  to  6  counts,  with  about 
i^  to  2  turns  per  inch,  would  serve  for  a  carpet  of  good  medium 
quality.  Any  number  of  colours  may  be  put  into  the  pattern,  the 
only  drawback  to  limitless  variation  being  the  slower  speed  of  the 
loom  caused  by  the  constant  change  of  shuttle.  As  many  as  twelve 
shuttles  are  sometimes  used,  with,  of  course,  a  corresponding  range 
of  shades.  One  fact  greatly  facilitates  the  change  of  shuttle:  for  every 
line  of  colour,  the  weaver  must  put  in  two  shots  of  weft;  that  causes 
the  return  of  the  shuttle  to  his  right  hand;  consequently  all  the  shuttles 
are  assembled  on  the  shuttle  board  at  one  side  of  the  loom,  and  may  be 
arranged  in  proper  order.  Broad  strips  of  colour,  however,  undoubtedly 
favour  quick  production ;  no  matter  how  deft  the  weaver,  a  change  of 
shuttle  lessens  the  speed  of  his  work.  As  may  be  inferred,  a  whole 
carpet  of  any  size  may  be  made  of  one  pattern.  It  does  not  matter 
to  the  weaver  whether  he  has  to  repeat  a  certain  set  of  shots  twenty 
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times  or  continue  varying  the  proportions  of  colour  to  the  very  end. 

The  Chenille  "Cloth". — When  the  whole  of  the  fur  required  has 
been  woven,  the  *' cloth"  is  taken  off  the  loom.  It  is  a  curious  fabric, 
and  quite  obviously  designed  to  serve  some  manufacturing  purpose,  the 
linen  binding  threads  showing  flat  among  the  coloured  worsted.  The 
weft  floating  between  the  gauze-woven  warp  threads  has  to  be  cut  in 
half.  Drawn  through  the  revolving  cutters,  the  cloth  issues  in  strips, 
which  are  carried  farther  forward  to  where  a  steaming  roller  imparts 
firmness  and  shape  to  the  chenille.  The  strips  of  fur  are  then  num- 
bered to  guide  the  weaver  of  the  carpet. 

Patent  Axminster  Carpet  Weaving. — The  backing  or  ground  of  the 
patent  Axminster  carpet  is  similar  in  structure  and  weave  to  those  of 
the  Brussels  and  Wilton  carpets.  Here,  however,  we  have  no  harness; 
a  set  of  heald  shafts  amply  suffices  for  all  shedding  purposes.  In  a 
heavy  carpet  there  are  usually  four  warps:  i,  the  small  chain  or  ground 
warp]  2,  the  staffer  warp  (commonly  jute);  3,  the  float  warp ;  4,  the  fine 
chain,  for  binding  in  the  fur  to  the  ground.  Five  successive  motions 
on  the  warp  are  required  for  the  complete  structure  of  the  carpet.  The 
order  is  as  follows:  i,  first  tread  raises  ground  and  float  warps;  2,  the 
second  tread  lifts  stuffer  chains,  fine  chain,  and  float;  3,  repeat  of  first 
tread;  4,  repeat  of  second  tread;  5,  fifth  tread  raises  the  binding  warp. 
Into  each  successive  shed  a  weft  thread  is  inserted  till  the  fifth,  and  then 
a  strip  of  fur  weft  is  inserted. 

The  linen  weft  shuttles  are  nothing  more  than  common  shuttles  of 
large  size.  The  chenille  or  fur  weft,  however,  is  rather  more  primi- 
tively spooled;  it  is  wound  upon  a  stick,  and  let  off  to  the  length 
required  for  each  pick.  Large  carpets  are  woven  by  three  or  four  men. 
One  inserts  the  weft  of  chenille  fur  at  the  side,  another  guides  it  through 
under  the  shed,  another  continues  the  guidance  and  takes  the  weft  stick 
out  at  the  other  side  of  the  web;  the  fourth  man  holds  the  batten  steady 
by  the  handle  or  the  hand  rail.  When  the  fur  is  in,  all  four  of  them 
draw  forward  the  huge  slay  and  together  drive  the  shot  home.  Large 
carpets,  such  as  the  imitations  of  the  ''Holy  Carpet"  which  have 
frequently  been  made  in  this  country,  occupy  fully  the  energies  of  four 
men.  All  the  parts  of  the  loom,  heddles,  treadles,  beams,  and  shuttles, 
are  on  a  very  large  scale. 

Tapestry  and  Velvet-pile  Tapestry  Carpets. — In  their  efforts  to 
satisfy  the  desire  of  mankind  for  pleasure  and  comfort,  weavers  have 
invented  many  kinds  of  carpet.  Fortunes  have  been  spent  and  lost  in 
vain  attempts  to  win  the  suffrages  of  the  public  for  fabrics  which,  though 
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ingeniously  designed,  seemed  to  miss  the  need  they  were  intended  to 
supply.  We  take  no  note  of  the  failures,  for  our  aim  is  practical.  One 
cause  of  fertility  of  invention  among  carpet  weavers,  in  the  early  part  of 
the  nineteenth  century  especially,  was  the  vast  increase  of  wealth  in  this 
country,  partly  due  to  the  development  of  the  textile  industry  itself. 
Among  all  classes  the  standards  of  domestic  comfort  rose.  A  large 
middle  class,  comfortable  though  not  wealthy,  grew  up.  To  meet  the 
requirements  of  the  new  class  numerous  cheap  carpets  were  devised. 
Nothing  seemed  to  fulfil  the  popular  wish  so  well  as  the  tapestry  and 
velvet-pile  tapestry  carpets  invented  by  Mr.  Richard  Whyttock  of 
Edinburgh.  Imitating  Brussels  or 
Wilton,  light,  durable,  and  cheap, 
those  carpets  met  with  instant  accept- 
ance. Some  textile  authorities  affect  to 
despise  Mr.  Whyttock's  fabrics,  and  we 
do  not  class  them  with  the  carpets  afore- 
mentioned, but  the  invention  was  a 
stroke  of  genius.  It  combined  all  the 
qualities  which  make  for  commercial 
success,  and  manufacturers  are  bound 
to  consider  the  market.  It  was  imita- 
tive of  something  superior  and  beyond 
the  reach  of  the  public  to  whom  it 
specially  appealed;    it   could    be   easily 

produced;  it  was  sound,  of  good  material,  and  genuine  so  far  as  it 
went ;  it  was  durable  and  cheap.  That  the  tapestry  carpet  lacked  soft- 
ness and  high  art  qualities  meant  almost  nothing  to  those  who  sought 
little  more  than  agreeable  colour  and  a  pleasant  floor-covering  for 
rooms  which  otherwise  must  be  bare. 

Structure  of  Tapestry  Carpet. — As  this  carpet  is  almost  exclusively 
woven  on  the  power  loom,  we  purpose  examining  merely  the  weaving 
principles  involved  in  the  structure. 

The  fabric  consists  of  a  pile  warp,  which  is  formed  into  loops  on  the 
plush  system,  a  stuffer  warp,  and  a  ground  warp,  with  filling  of  weft. 
The  pile  is  of  good  worsted  yarn;  the  stuffer  warp  is  commonly  jute; 
both  ground  warp  and  weft  are  of  linen  or  strong  cotton  twist.  During 
the  past  few  years  cotton-pile  warp  has  been  employed  in  making  very 
cheap  tapestry  carpets.  A  strong  durable  carpet  is  made;  but  the 
general  prejudice  is  still  strongly  in  favour  of  the  worsted  pile.  There 
is  no  essential  reason,  however,  why  cotton  should  not  compete  with 


Fig.  246. — Design  of  I'apestry  Carpet.     The 
pattern  as  it  is  to  appear  on  finished  carpet 
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wool  for  that  market  as  well  as  any  other.  If  honestly  sold  as  cotton, 
nothing  but  good  can  be  the  outcome  of  such  a  competition. 

Tapestry  carpets  differ  in  weave  from  ordinary  plush  fabrics,  in  that 
the  pile  warp  never  passes  under  the  ground  warp,  but  is  bound  within 
it  by  the  elevation  of  the  ground  warp,  a  pick  of  weft  being  sent  between 
them.  This  largely  economizes  the  pile  warp,  though  the  structure  may 
be  rendered  weaker  thereby. 

Pile  Warp. — The  leading  idea  in  the  tapestry  carpet  was  the  printing 
of  the  whole  pattern  upon  the  pile  warp.     Having  in  mind  that  the  pile 
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A,  Elongated  drawing  ot  the  design  in  fig.  246,  each  division  representing  one  loop.       B,  Drawing  for  one  thread  of 
yarn,     c.  The  model  for  separate  strips  of  the  pattern,  each  forming  the  model  for  the  dyeing  of  a  drum  of  yarn. 


warp  must  be  looped  up  for  every  stitch  of  the  fabric,  the  method  seems 
an  impossible  one.  Each  loop  can  present  to  the  eye  only  a  single 
point  of  colour,  while  the  warp  must  be  of  such  length  as  allows  for  the 
two  sides  of  the  loop  and  the  binding  of  the  warp  into  the  ground  cloth. 
Here  the  genius  of  the  inventor  shone.  Whyttock  overcame  the  diffi- 
culty by  printing  on  the  pile  warp  each  point  of  colour  in  the  design  the 
length  required.  Say,  for  example,  he  undertook  to  weave  a  carpet 
showing  nine  loops  to  the  inch,  into  which  he  put  3  in.  of  warp 
thread;  he  printed  each  thread  of  the  pile  warp  with  a  bar  of  colour 
^  in.  long  for  every  loop  (fig.  247  a).  Some  variations  on  this  style 
have  since  been  adopted  by  tapestry  carpet  weavers,  with  more  or  less 
success,  and  those  which  are  of  importance  will  be  noted  in  our  section 
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on    practical    weaving;    but   Whyttock's    original    device    remains   the 
leading  method. 

Printing  Pile  Warps. — The  design  was  first  drawn  and  coloured  on 
common  design  paper;  then  the  liner  out  took  it  in  hand  and  drew  a 
copy,  with  each  line  of  colour  (representing  the  warp  loops)  the  length 
of  yarn  required  for  weaving.  The  design  thus  became  enormously 
elongated.  Next,  the  drawing  was  cut  up  into  strips,  each  strip  being 
the  breadth  of  a  square  in  the  design — that  is,  a  single  loop.  Each 
strip,  therefore,  represented  a  single  line  of  warp  thread,  and  the  warp 
was  to  be  printed  in  exact  imitation  of  it  (fig.  247,  b). 

By  way  of  preparation  the  pile  yarn  was  scoured  and  purified  by 

sulphurizing  to  a  clear 
white,  then  dried  and 
wound  on  spools.  At  the 
same  time  the  colourist 
had  made  ready  his  dyes, 
and  put  each  colour  into 

Fig.  248.-Dye  Trough  and  Roller  ^      Small       trOUgh,      in      the 

centre  of  which  hung  a 
small  felt-covered  roller  the  breadth  of  a  line  of  warp  colour,  half- 
immersed  in  the  liquid  (fig.  248). 

The  central  object  of  all  these  preparations  was  a  large  drum, 
6  ft.  in  diameter  and  very  broad,  capable  of  carrying  864  threads  of 
warp  on  its  width  (fig.  249).  Supported  on  a  strong  frame,  and  re- 
volving freely  on  its  axis,  it  could  be  driven  in  either  direction, 
according  to  the  wish  of  the  operator.  On  one  side  of  the  drum  was 
a  toothed  copper  rim,  and  to  every  tooth  a  number,  or  two  numbers  if 
desired.  The  index  on  the  copper  rim  divided  the  drum  into  as  many 
sections  as  there  were  loops  on  the  circumference  of  the  drum.  In  an 
ordinary  case  there  were  648  loop  lengths  on  this  size  of  drum.  On 
the  frame  behind,  a  movable  pawl  was  fixed,  to  catch  into  those  teeth 
of  the  rim  which  were  opposite  the  line  of  colour. 

Corresponding  to  the  index  was  a  table  at  the  side  of  the  printer. 
Upon  it  were  marked  the  numbers  of  the  various  colours  of  the  loops. 
Say  that  a  single  loop  of  red  was  designed  to  occur  once  in  every  so 
many  loops,  the  numbers  of  the  loops  would  be  marked  on  the  index — 
8,  12,  24,  and  so  on.  Again,  if  three  loops  of  green  came  together 
on  this  warp  thread  at  intervals,  the  numbers  were  similarly  in- 
dicated. The  whole  length  of  the  thread  was  divided  up  in  this 
manner.     When  the  red  colour  was  being  printed,  the  operator  only 
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required  to  turn  to  his  index,  stop  the  drum  at  the  number  of  tooth 
named,  and  print. 

Under  the  drum  sat  the  frame  for  holding  the  trough  of  colour,  with 
rails  and  driving  cords,  so  that  the  trough,  with  its  printing  roller,  could 

traverse  the  breadth 
of  the  drum,  and 
make  upon  the  warp 
a  line  of  colour  or 
scroll. 

Line  after  line  of 
one  colour,  and  then 
linesupon  lines  of  an- 
other, were  scrolled 
upon  the  warp,  till 
the  whole  warp  was 
covered,  and  one 
thread  of  pile  warp 
completed.  When 
the  printing  was 
done,  the  drum  was 
striped  with  many 
colours. 

The  tapestry  car- 
pet, as  woven  by 
Whyttock  and  long 
after  his  day,  con- 
tained 218  warp 
threads  in  the 
breadth.  If  the  car- 
pet was  all  one  pat- 
tern the  printing 
operation  had  to  be 
repeated  so  many 
times.  The  inventor, 
however,  attempted 
no  such  ambitious  enterprise.  A  pile  warp  5600  yd.  long  would  have 
sufficed  for  more  carpets  than  he  could  have  hoped  to  produce  in  a 
reasonable  time,  not  to  mention  the  selling  of  them.  On  the  contrary, 
he  selected  simple  designs  repeated  in  the  breadth  of  the  carpet  four, 
five,  or  six  times-,     In  the  latter  case,  which  was  the  most  frequent, 


Fig.  249. — Printing  Drum  for  Tapestry  Carpet.  Tin  drum  covered  with 
yarn,  showing  part  of  the  first  strip  of  the  pattern  dyed.  The  arrows  show 
where  the  repeats  begin. 
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a  single  printing  produced  six  warp  threads  for  six  different  carpets, 
greatly  reducing  the  number  of  printings  and,  of  course,  the  lengths 
of  warps  on  hand. 

Preparing  the  Warp. — After  being  printed,  the  pile  warp  was  gone 
over  with  a  kind  of  scraper,  by  which  the  superfluous  colour  was  wiped 
off,  and  the  dye  pressed  into  the  substance  of  the 
yarn.  As  everyone  knows,  worsted  is  not  easily 
permeated  by  dye,  and  that  operation,  or  its 
mechanical  equivalent,   is  still  necessary. 

To  fix  the  colours,  the  manufacturer  immersed 
the  warp  yarns  in  bran,  and  steamed  them.  After 
steaming,  the  warps  were  washed,  dried,  and 
spooled. 

Setting  the  Pile  Warp. — Another  operation 
special  to  the  tapestry  carpet  was  the  setting  of 
the  pile  warp.  Having  been  carefully  labelled,  the 
spools  of  warp  were  taken  to  the  setter's  table,  and 
placed  on  the  bank,  the  whole  218  threads  being 
ranged  in  the  order  most  convenient  to  the  setter. 
At  the  end  of  the  table  farther  from  the  bank  the 
warp  beam  was  slung,  and  across  the  table  a 
movable  clamp.  From  the  bank  the  setter  drew 
the  threads,  one  by  one,  into  position.  With  the 
pattern  beside  him  or  her  the 
operator  placed  the  coloured 
lengths  of  the  warp  threads  in 
range,  clamping  down  the  ends. 
If  the  warp  had  been  correctly 
printed,  and  all  the  ends  rightly 
set,  the  work  of  the  setter  was 
comparatively  simple.  He  only 
needed  to  see  that,  as  he  drew 
them  forward  to  the  warp  beam, 
none  of  them  crossed  or  mixed. 
If  a  fault  in  the  printing  occurred,  however,  the  setting  had  to  be  care- 
fully revised  from  the  point  at  which  the  fault  occurred.  Sometimes, 
too,  one  lot  of  warp  threads  became  stretched  and  out  of  the  true  range; 
to  rectify  the  slight  difference  was  the  task  of  the  setter.  As  each  section 
was  completed,  the  yarn  was  cut  off  from  the  remaining  length  of  warp 
by  the  clamp  and  wound  on  to  the  warp  beam  (figs.  250  and  251). 
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Fig.  250. — Printed  Threads  Set 
for  Winding  on  the  Beam 


Fig.  251. — The  Same  Woven 
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Weaving  the  Tapestry  Carpet. — The  pile  warp  goes  last  into  the 
loom ;  the  other  warps  are  easy  to  place.  When  the  weaving  was  done 
on  the  hand  loom,  the  work  of  the  healder  was  delicate  and  difficult. 
He  ran  the  ground  warp  and  stuffer  warp  through  their  appropriate 
mails  without  anxiety ;  but  he  had  to  be  very  careful  not  to  displace  the 
work  of  the  setter  in  healding  the  pile  warp.  The  healding  plan  was, 
and  still  is,  the  same  as  that  of  ordinary  plushes.  The  wiring  was  also 
similar  in  every  particular.  After  the  loom  had  been  mounted,  the  work 
of  the  weaver  was  simple  and  straightforward;  he  had  simply  to  keep 
on  weaving,  without  care  for  either  pattern  or  weft. 

Velvet-pile  tapestry  is  to  loop-pile  tapestry  what  Wilton  is  to 
Brussels  carpet.  The  pile  is  cut,  and  the  binding  of  the  warp  is 
therefore  closer. 

Other  Fabrics. — All  the  fabrics  described  either  have  been  or  may 
be  woven  on  the  hand  loom.  Some  fabrics  of  minor  importance  have 
been  omitted,  chiefly  because  they  exhibit  no  special  principle.  Two 
textile  fabrics,  however,  yet  remain — hosiery  and  lace.  These  have 
a  history,  development,  and  series  of  mechanisms  altogether  different 
from  those  of  the  gauzes,  cloths,  and  plushes  woven  on  the  machine  we 
commonly  call  the  loom.  Woven  also  on  looms,  true  textile  fabrics, 
and  in  many  points  approximating  to  cloth  weaving,  they  claim  to  be 
considered  apart  and  in  a  class  by  themselves. 

Textile  fabrics  are  now  almost  wholly  woven  on  the  power  loom, 
or  on  looms  fitted  with  appliances  best  observed  on  the  power  loom. 
We  therefore  consider  that  it  is  necessary  to  understand  fully  the  whole 
mechanism  of  the  latter  before  going  into  the  details  of  weaving  and 
designing.  The  hand-loom  weaver  has  laid  down  a  programme,  as 
it  were,  for  the  performance  of  his  successor.  That  the  programme 
is  vast,  complex,  and  comprehensive  we  now  see. 


CHAPTER   III 
The  Power  Loom 


Automatic  Weaving. — From  the  early  dawn  of  human  intelligence 
the  imagination  of  man  has  been  haunted  with  dreams  of  power,  of 
command  over  the  forces  of  the  earth,  of  servants  capable  of  rendering 
him  infinite  service;   the  realm  of  desire  has  been  peopled  with  good 
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fairies,  genii,  good-natured  giants,  and  furnished  with  wishing  caps, 
seven-league  boots,  magic  rings,  invisible  cloaks,  and  magic  wands 
of  various  capabilities.  This  infinite  greed  has  taken  many  practical 
forms — the  invention  of  tools,  domestication  of  animals,  and  slavery 
of  weaker  men  in  the  earlier  ages,  and  in  our  era  the  utilization  of  the 
metals  and  the  elements  for  the  creation  of  self-acting  tools,  tireless, 
obedient,  and  of  immeasurable  power.  First,  the  tool  becomes  a 
machine,  then  water  power,  steam  power,  electric  power,  air  power, 
or  chemical  power  is  applied  to  the  driving  of  it.  The  machines  are 
made  self-acting,  then  machine  is  linked  to  machine,  and  a  manufac- 
turing process  becomes  a  great  automaton.  These  processes  are 
gradually  overtaking  every  industry.  Handicraft  is  passing  away; 
man  has  found  servants  to  take  the  labour  of  life  off  his  hands. 

We  can  hardly  imagine,  however,  that  any  genuine  weaver  ever 
felt  the  desire  for  a  machine  which  would  relieve  him  from  his  loom. 
The  natural  egoism  of  the  artist  has  kept  the  weaver  faithful  to  his 
craft,  assiduous  in  attention  to  his  loom.  No  craftsman  has  shown 
greater  ingenuity;  but  his  invention  was  never  directed  to  finding  a 
mechanical  substitute  for  himself.  Myriads  of  appliances  have  been 
devised  for  the  purpose  of  making  the  loom  effective  in  this  way  or 
that;  zealous  for  the  reputation  of  his  coadjutor,  the  weaver  grudged 
no  trouble;  given  that  a  form  of  fabric  was  too  difficult  for  the  bare 
loom,  he  spent  long  labour  in  making  and  applying  aids.  Very 
significant  is  the  fact  that  few  of  the  extra  appliances  of  the  hand 
loom  have  names  of  inventors  attached  to  them.  Who  conceived  the 
mountings  of  the  harness,  the  heald  shaft  itself,  the  reed,  the  lappet, 
the  swivel?  No  man  knows.  Weavers  made  them  to  work  with — 
that  is  all.  The  inventions  which  have  superseded  the  weaver  were 
first  conceived  and  contrived  by  men  of  mechanical  gift,  outside  the 
trade.  Automatic  weaving  is  an  idea  alien  to  the  instinct  of  the  true 
craftsman;  it  has  become  concrete  in  the  power  loom,  and  now 
dominates  the  whole  industry. 

M.  de  Gennes. — The  first  attempt  to  weave  cloth  by  a  power-driven 
machine,  of  which  we  have  any  record,  was  made  by  an  officer  in  the 
French  navy  named  de  Gennes.  A  full  account  of  the  invention  was 
given  in  the  Journal  des  Savants  for  the  year  1678.  Because  this 
invention  had  no  effect  at  all  on  weaving  invention,  it  would  serve 
no  purpose  to  describe  its  details.  One  feature  only  is  worth  noting, 
and  that  is  the  occurrence  at  that  remote  period  of  an  idea  which  has 
since  been   independently  evolved  and  made  useful   in  our  own  day. 
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The  shuttle  was  not  driven  across  the  loom,  but  carried  on  a  pair  of 
arms  through  the  warp — a  notion  embodied  in  the  "  Poyser's  Tape" 
loom  and  some  of  the  new  automatic  looms.  A  central  crank  shaft 
imparted  motion  to  all  the  parts  of  the  loom.  The  cranks  acted  on 
the  heald  shafts,  while  a  pair  of  eccentric  wheels,  now  called  wipers, 
on  the  shaft  drove  the  batten.  The  loom  of  M.  de  Gennes  was  un- 
doubtedly capable  of  weaving  cloth,  and  contained  some  good  ideas; 
but  it  was  too  clumsy  in  structure,  and  arrived  too  early. 

R.  and  T.  Barber. — During  the  latter  half  of  the  eighteenth  century 
men  about  Nottingham  with  a  gift  for  mechanics  were  busily  engaged 
in  trying  to  improve  the  knitting  frame,  the  lace  loom,  and  other  textile 
instruments.  Hargreaves  had  founded  a  business,  and  Arkwright  had 
established  himself  by  the  Trent.  Throughout  the  whole  shire  interest 
in  textile  manufacture,  especially  the  mechanical  part,  was  aroused  to 
a  high  degree.  Projects  of  ambitious  character  occupied  the  minds  of 
hundreds  of  ingenious  men.  One  of  the  most  extraordinary  mechani- 
cal projects  of  the  time  was  a  series  of  inventions  by  two  natives  of 
Bilborough,  named  Barber,  designed  to  revolutionize  the  whole  textile 
industry.  According  to  the  specification,  which  covers  many  pages, 
Messrs.  R.  &  T.  Barber  proposed  patents  for  spinning,  preparing, 
hackling,  winding,  doubling,  and  weaving  all  kinds  of  fibres  and 
other  materials  into  fabrics.  Most  historians  have  been  content  to 
pass  over  the  effort  of  the  Barbers  as  merely  foolish.  That  the 
undertaking  was  bold  to  the  very  verge  of  madness  we  admit,  but 
that  the  Barbers  were  men  of  great  genius  we  have  good  reason  for 
believing.  Mr.  Roberts  Beaumont  has  given  a  very  clear  description 
of  the  power  loom  invented  by  the  brothers,  in  Wool  Manufacture. 
He  says: — 

"The  system  of  shuttling  adopted  was  remarkably  good,  and  bears 
some  resemblance  to  the  cone  pick  now  in  use.  The  plan  of  working 
the  healds  for  dividing  the  warp  appears  also  commendable.  Perhaps 
the  main  drawback  to  the  loom  was  the  mode  of  actuating  the  going 
part.  To  accomplish  this  necessary  movement  automatically,  the  batten 
was  secured  to  a  movable  carriage,  whose  action  was  controlled  by  the 
revolutions  of  the  main  or  driving  shaft  running  from  end  to  end  of  the 
loom.  In  the  Barbers'  loom  the  driving  wheel  was  fixed  on  the  end  of 
the  central  shaft,  the  rotations  of  which  imparted  motion  to  all  other 
sections  of  the  loom.  First,  the  shedding  was  effected  by  levers 
mounted  with  small  pulleys,  which  played  upon  the  treadles  running 
underneath,  and  which  were  connected  with  the  heald  shafts.     Second, 
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the  picking  motion  (which  may  be  regarded  as  forming  the  germ  of 
the  modern  cam  and  cone  motion)  consisted  of  uprights  mounted  with 
eccentrics,  and  fixed  at  each  side  of  the  going  part,  so  that  when 
engaged  by  strikers  (keyed  on  the  rotating  shaft)  they — the  uprights 
— oscillated  or  twisted,  and  forced  the  pickers,  to  which  they  were 
fastened  by  string  gearing,  to  drive  the  shuttle  across  the  warp. 
Lastly,  the  going  part  received  motion  from  a  carriage  which  moved 
backward  and  forward  on  a  frame,  the  forward  movement  being  due 
to  lever  and  weight  gearing,  and  the  backward  traverse  to  the  main 
shaft,  as  it  turned,  winding  up  the  carriage." 

Ingenious  as  the  loom  invented  by  Messrs.  R.  &  T.  Barber  un- 
doubtedly was,  it  failed  of  acceptance  with  manufacturers.  The  main 
defect,  as  pointed  out  by  Mr.  Roberts  Beaumont,  lay  in  the  driving 
apparatus  of  the  batten,  or  going  part.  For  the  central  motion  of 
a  machine  to  depend  on  driving  forces  so  feebly  controlled  was  to 
contradict  the  best  mechanical  practice.  Moreover,  the  letting-off  and 
taking-on  motions  seem  not  to  have  been  thought  of  by  the  inventors. 
The  Barber  loom  might,  with  all  its  defects,  have  been  brought  into 
use  had  the  circumstances  of  the  trade  been  different.  But  the  fly 
shuttle  of  Kay  had  not  been  in  general  use  for  more  than  thirty  years 
at  that  time;  the  loom  itself  had  been  greatly  improved  in  other  ways, 
and  the  opposition  to  further  mechanical  innovation  was  very  strong. 
To  tempt  manufacturers  to  consider  the  idea  of  displacing  so  fine  a 
machine  as  the  loom  then  was,  the  power  loom  would  have  had  to 
be  perfect  beyond  the  possibility  of  failure.  The  pathway  of  mechani- 
cal progress  is  strewn  with  the  debris  of  failed  invention  and  the  broken 
lives  of  many  inventors.  No  honest  effort  is  ever  wholly  lost,  however, 
and  the  inventor's  ideas,  so  futile  for  him,  often  come  into  triumphant 
service  in  other  hands. 

Edmund  Cartwright. — The  man  who  invented  a  power  loom  which 
fulfilled  the  conditions  required  was  neither  a  mechanic  nor  a  weaver, 
but  a  clergyman.  Born  at  Marnham,  Nottingham,  on  24th  April, 
1743,  Edmund  Cartwright,  the  son  of  well-to-do  parents,  was  educated 
at  Oxford,  took  orders,  and  obtained  presentation  to  the  living  of 
Doncaster,  Yorkshire.  Cultured,  talented,  and  variously  gifted,  Cart- 
wright dabbled  in  literature  and  science,  and  fulfilled  the  duties  of 
his  position,  without  a  thought  of  attempting  more,  quite  unconscious 
of  possessing  inventive  genius,  till  he  was  over  forty  years  old.  The 
circumstances  of  his  awakening  to  consciousness  of  his  talent  for 
mechanics  were   narrated   by   Dr.   Cartwright   himself,   in   a   letter   to 
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Mr.  Ballantyne,  author  of  the  article  on  ''Cotton  Manufacture"  in  the 
first  edition  of  the  Encyclopcedia  Britannica. 

"Happening  to  be  at  Matlock  in  the  summer  of  1784,  I  fell  in 
company  with  some  gentlemen  of  Manchester,  when  our  conversation 
turned  on  Arkwright's  spinning  machinery.  One  of  the  company 
observed  that  as  soon  as  Arkwright's  patent  expired,  so  many  mills 
would  be  erected,  and  so  much  cotton  spun,  that  hands  could  never 
be  found  to  weave  it.  To  this  observation  I  replied  that  Arkwright 
must  set  his  wits  to  work  then  to  invent  a  weaving  mill.  This  brought 
on  a  conversation  on  the  subject,  in  which  the  Manchester  gentlemen 
unanimously  agreed  that  the  thing  was  impracticable;  and,  in  defence 
of  their  opinions,  they  adduced  arguments  which  I  certainly  was  incom- 
petent to  answer,  or  even  to  comprehend,  being  totally  ignorant  of  the 
subject,  having  never  at  that  time  seen  a  person  weave.  I  controverted, 
however,  the  impracticability  of  the  thing  by  remarking  that  there  had 
lately  been  exhibited  in  London  an  automaton  figure  which  played  at 
chess.  Now  you  will  not  assert,  gentlemen,  said  I,  that  it  is  more 
difficult  to  construct  a  machine  that  shall  weave,  than  one  which 
shall  make  all  the  variety  of  moves  which  are  required  in  that 
complicated  game. 

"Some  little  time  afterwards,  a  particular  circumstance  recalling 
this  conversation  to  my  mind,  it  struck  me  that,  as  in  plain  weaving, 
according  to  the  conception  I  then  had  of  the  business,  there  could  only 
be  three  movements,  which  were  to  follow  each  other  in  succession, 
there  would  be  little  difficulty  in  producing  and  repeating  them.  Full 
of  these  ideas,  I  immediately  employed  a  carpenter  and  smith  to  carry 
them  into  effect.  As  soon  as  the  machine  was  finished,  I  got  a  weaver 
to  put  in  the  warp,  which  was  of  such  materials  as  sailcloth  is  usually 
made  of.  To  my  great  delight,  a  piece  of  cloth,  such  as  it  was,  was 
the  produce.  As  I  never  before  had  turned  my  thoughts  to  anything 
mechanical,  either  in  theory  or  practice,  nor  had  ever  seen  a  loom 
at  work,  or  knew  anything  of  its  construction,  you  will  readily  sup- 
pose that  my  first  loom  was  a  most  rude  piece  of  machinery.  The 
warp  was  placed  perpendicularly,  the  reed  fell  with  at  least  the  weight 
of  half  a  hundredweight,  and  the  springs  which  threw  the  shuttle  were 
strong  enough  to  have  thrown  a  Congreve  rocket.  In  short,  it  required 
the  strength  of  two  powerful  men  to  work  the  machine  at  a  slow  rate, 
and  only  for  a  short  time.  Conceiving,  in  my  simplicity,  that  I  had 
accomplished  all  that  was  required,  I  then  secured  what  I  thought 
a  most  valuable  property,   by  a  patent  dated  4th  April,    1785.      This 
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being  done,  I  condescended  to  see  how  other  people  wove;  and  you 
may  guess  my  astonishment,  when  I  compared  their  easy  modes  of 
operation  with  mine.  Availing  myself,  however,  of  what  I  then  saw, 
I  made  a  loom,  in  its  general  principles  nearly  as  they  are  now 
made.  But  it  was  not  till  the  year  1787  that  I  completed  my  in- 
vention, when  I  took  out  my  last  weaving  patent,  August  first  of 
that  year." 

A  Workable  Power  Loom. — Dr.  Cartwright's  second  loom  was  a 
totally  different  machine  from  his  first.  He  discovered  that,  though 
weaving  consists  of  three  motions,  a  loom  constructed  to  perform 
those  motions  only  could  not  weave.  For  example,  the  point  at 
which  the  batten  touches  the  cloth  changes  with  every  pick.  Con- 
trolled by  the  deft  hand  of  the  weaver,  the  swing  of  the  batten,  carrying 
shuttle  race,  shuttle,  and  sley,  is  regulated  to  the  need  of  the  moment; 
but  the  batten  mechanically  driven  must  always  come  to  the  same 
point,  and  describe  the  same  distance.  The  edge  of  the  cloth  must 
always  be  at  the  same  point,  and  this  implies  an  automatic  relation 
between  the  beating-up  and  the  letting-off  and  taking-on  motions. 
Again,  with  the  picking  handle,  the  flight  of  the  shuttle  is  nicely 
gauged,  and  when  a  weft  thread  breaks  on  the  hand  loom  it  is  at 
once  seen  and  attended  to;  but  the  mechanically  driven  shuttle  flies 
at  the  same  rate  all  the  time,  driven  by  the  same  force,  and  if  the 
warp  impedes  it  ever  so  little,  or  the  shuttle  is  light,  or  the  weft 
breaks,  the  simple  loom  executing  the  three  motions  offers  neither 
check  nor  remedy.  Dr.  Cartwright,  with  quick  insight,  grasped  these 
facts,  and  reconstructed  a  loom  with  additional  motions  to  cope  with 
these  and  similar  exigencies.  His  new  loom  ''stopped  without  the 
interference  of  the  attendant  on  the  breakage  of  warp  threads;  it 
ceased  to  wind  up  the  cloth  when  the  weft  failed  to  be  delivered  by 
the  shuttle ;  it  sized  the  warp  on  its  passage  to  the  healds ;  it  regulated 
the  supply  of  warp  or  chain  and  the  winding  up  of  the  woven  fabric 
on  to  the  piece  beam ;  and  it  adjusted  the  temple  or  stretcher ".  As 
we  see,  from  attempting  too  little  Cartwright  went  to  the  other  extreme 
of  trying  to  make  his  loom  do  too  much.  Sizing,  though  a  necessary 
part  of  the  hand-loom  weaver's  duty,  may  be  assigned  to  anybody 
after  the  warp  has  been  formed.  The  addition  of  a  sizing  apparatus 
was  not  only  unnecessary,  but  seriously  impeded  the  operations  of  the 
loom.  The  stop  motion  connected  with  the  warp  was  also  rather 
ambitious,  and  failed  of  attaining  the  object  aimed  at,  while  adding 
to  the  complexity  of  the  mechanism.     But  the  conception  Cartwright 
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embodied  in  his  machine  was  comprehensive,  and  became  the  basis 
of  the  power  loom.  Imperfect  in  many  details,  it  showed  the  way  to 
weave  cloth  by  automatic  machinery. 

Cartwright's  Career. — The  new  machine,  though  proved  capable  of 
weaving  cloth,  found  little  acceptance  from  manufacturers.  Woollen 
and  worsted  weavers  showed  some  appreciation  of  the  loom;  but  the 
cotton  manufacturers,  for  whose  benefit  it  was  primarily  conceived, 
would  have  none  of  it.  Determined  to  show  what  could  be  done, 
Cartwright,  unluckily  for  himself,  built  a  power-loom  factory  at  Don- 
caster,  where  he  set  about  weaving  all  kinds  of  fabrics.  At  first,  about 
1787,  the  whole  of  the  machinery,  both  for  spinning  and  weaving,  was 
driven  by  horse  power;  but  in  1789  a  small  steam  engine  was  intro- 
duced into  the  factory.  Shortly  afterwards,  however,  the  whole  enter- 
terprise  was  abandoned,  after  having  caused  the  inventor  a  loss  of 
several  thousands  of  pounds. 

Perhaps  one  of  the  causes  of  the  break-up  of  the  Doncaster  factory 
was  the  decline  of  Cartwright's  interest  in  his  invention.  His  quick 
fancy  had  been  caught  by  other  projects.  Instead  of  stubbornly  sticking 
to  the  power  loom  till  he  had  perfected  it,  and  compelled  success,  he 
turned  his  attention  to  the  wool  comber,  which  was  then  very  inefficient. 
He  took  out  three  patents  for  this  machine,  and  then  abandoned  it  for 
attempts  to  improve  the  steam  engine.  Next,  the  busy  man  of  ideas 
invented  a  dough  mixer,  the  main  principles  of  which  have  been 
adopted  in  the  machine  bakeries  of  the  present  day,  a  reaping  machine, 
a  three-furrow  plough,  a  wheat-planting  drill,  and  various  other  con- 
trivances. Everything  he  tried  showed  strength  of  intellect  and  a  deep 
understanding  of  mechanical  principles,  but  he  lacked  the  perseverance 
to  make  any  one  of  the  many  contrivances  of  his  fertile  imagination 
thoroughly  practical  and  therefore  profitable. 

In  1801  Cartwright  undertook  the  management  of  the  Duke  of 
Bedford's  model  farm  at  Woburn,  and  while  there  met  Robert  Fulton, 
the  celebrated  American  engineer,  famous  as  the  first  to  make  steam 
navigation  practical.  Fulton  seems  to  have  found  the  inventive  divine 
a  congenial  companion,  and  confided  to  him  his  projects  in  regard  to 
the  steam  propulsion  of  boats.  Cartwright  seized  on  the  idea,  and 
constructed  a  small  steamboat,  which  was  floated  on  the  pond  in  the 
grounds  of  Woburn.  He  does  not  seem  to  have  carried  the  idea 
further.  This  was  typical  of  the  man ;  he  swiftly  grasped  a  speculative 
idea,  set  himself  to  realize  it,  and,  after  having  achieved  his  purpose, 
abandoned  it. 
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Towards  the  close  of  his  life,  however,  Cartwright  realized  that 
he  had  greatly  impoverished  himself  by  his  desultory  speculations 
and  inventive  pursuits.  In  1808,  therefore,  he  petitioned  Parliament 
for  pecuniary  recognition  of  his  inventive  gifts  to  the  industry  of  the 
nation.  Though  he  claimed  to  have  spent  ;^30,ooo  on  the  power  loom 
alone,  Parliament  could  not  be  brought  to  grant  a  sum  so  great  for 
any  industrial  achievement.  He  was  granted  ;i^io,ooo  in  recognition 
of  "the  great  service  he  had  rendered  to  the  public  by  his  invention 
of  weaving". 

With  part  of  the  money  Cartwright  purchased  the  farm  of  Hollen- 
den,  near  Sevenoaks,  and  there  spent  the  remainder  of  his  long  life  in 
leisurely  pursuits,  inventing,  writing,  and  experimenting  till  the  last. 
At  the  age  of  eighty,  we  are  told,  he  was  hale  and  vigorous,  writing 
thus  of  himself: — 

"  I  cleave  to  earth,  to  earth-born  cares  confined, 
A  worm  of  science  of  the  humblest  kind. 
With  mind  unwearied  still  will  I  engage, 
In  spite  of  failing  vigour  and  of  age ; 
Nor  quit  the  conflict  till  I  quit  the  stage." 

During  his  stay  at  Woburn,  Cartwright  received  from  his  University 
the  degree  of  Doctor  of  Divinity,  and  was  made  a  Fellow  of  the  Royal 
Society.  He  enjoyed  the  reputation  of  being  a  poet  on  the  strength 
of  a  legendary  poem,  entitled:  "  Arminia  and  Elvira",  which  was 
favourably  received  by  the  critics  of  the  time,  though  now  quite 
unknown  to  fame.  He  was  possessed  of  a  fine  wit.  Crabbe,  who  had 
met  him  at  Tunbridge  Wells,  says:  "Few  persons  could  tell  a  good 
story  so  well,  no  man  could  make  more  of  a  trite  one.  I  can  just 
remember  him — the  portly,  dignified  old  gentleman  of  the  last  genera- 
tion, grave  and  polite,  but  full  of  humour  and  spirit". 

It  seems,  however,  that  Dr.  Cartwright's  effusion  quoted  above 
was  somewhat  in  the  nature  of  a  swan  song,  for  he  died  at  Hastings, 
on  30th  October,   1823,  just  a  little  over  eighty  years  of  age. 

Few  men  have  been  so  fortunate  in  their  fame.  Though  Cart- 
wright's  power  loom  never  became  really  an  industrial  success,  he 
is  almost  universally  regarded  as  the  originator  of  the  power  loom. 
No  history  or  textbook  dealing  with  cloth  manufacture  omits  his  name, 
if  reference  is  at  all  possible.  In  encyclopedias  and  dictionaries  and 
general  histories  Dr.  Cartwright  is  described  as  the  inventor  of  the 
power  loom.  Many  inventors  whose  claims  have  been  ignored  or 
obscured  by  rival  claimants   have   done   more  practical  work.      That 
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he  was  a  man  of  genius,  and  helped  greatly  to  make  the  power  loom 
the  efficient  weaving  machine  it  is,  must  be  admitted,  however,  and  we 
need  not  cavil  at  his  meed  of  fame. 

Contemporary  Inventors. — About  the  time  Dr.  Cartwright  was  busy 
with  his  second  loom,  Dr.  Jeffrey,  a  Paisley  physician,  invented  a 
power  loom  which  bore  singular  resemblance  to  the  Englishman's, 
though  no  communication  could  possibly  have  occurred  between  the 
two  men.  One  of  the  defects  of  Cartwright's  invention  was  the  use 
of  springs  to  impart  motion  to  both  batten  and  shuttle,  causing  violent 
action,  which  fractured  both  warp  and  weft  so  frequently  as  to  make 
much  waste.  Jeffrey's  loom  repeated  the  error,  though  he  had  devised 
a  method  of  checking  the  action  of  the  shuttle  which  saved  the  weft. 

In  1793  a  Glasgow  man  named  Andrew  Kinloch  erected  several 
looms  in  Gallowgate,  Glasgow,  taking  Dr.  Jeffrey's  invention  as  a 
basis.  Kinloch's  looms  wove  good  cloth  without  much  waste,  and  he 
was  commissioned  by  Robert  Miller,  manager  of  the  Milton  Print- 
works, Dumbuck,  to  erect  forty  looms  at  his  place.  In  1796  Mr. 
Miller  applied  the  eccentric  wheels,  now  called  wipers  or  tappets,  to 
the  driving  of  the  shuttle,  doing  away  with  the  springs  so  wasteful 
of  warp,  and  obtaining  a  drive  for  the  picking  motion  from  the  crank 
shaft.  Later,  in  1800,  Andrew  Kinloch  went  to  Staleybridge  and 
erected  a  number  of  looms  there,  fifteen  of  which  were  taken  to  West 
Houghton  some  time  afterwards. 

In  spite  of  the  wastefulness  and  other  defects  of  the  power  loom, 
manufacturers  began  to  show  a  strong  desire  to  utilize  it.  The  records 
we  have  of  the  period  between  1790  and  1824  are  meagre;  but  there  are 
evidences  that  many  manufacturers  had  somehow  adapted  Cartwright's 
invention  to  their  purposes.  In  the  year  1812  one  of  the  worst  out- 
breaks of  anti-machinery  riots,  which  spread  all  over  Yorkshire  and 
Lancashire,  was  directed  almost  wholly  to  the  destruction  of  the  power 
looms. 

W.  H.  Horrocks. — Among  the  men  who  were  working  at  perfect- 
ing the  power  loom  at  the  beginning  of  the  nineteenth  century  William 
Harwood  Horrocks,  of  Stockport,  and  latterly  of  Portwood,  Cheshire, 
accomplished  most  to  bring  the  machine  into  working  order.  In  1803, 
and  again  in  1805,  he  took  out  patents  for  improvements  on  the  power 
loom;  but  it  was  not  till  1814  that  he  devised  the  improvements  which 
were  needed  to  make  the  loom  effective.  He  connected  the  cranks  of 
the  main  shaft  with  the  slay,  and  derived,  by  a  train  of  wheels,  power 
from  the  shaft  to  drive  the  smaller  shaft  which  gave  motion  to  the 
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healds  and  the  shuttle.  Horrocks  thus  constituted  the  loom  an  organic 
whole,  every  part  under  control,  and  all  the  parts  mutually  related.  By 
one  of  those  slight  faults  which  seem  to  beset  men  of  great  talent, 
Horrocks  omitted  to  work  out  all  the  details  of  his  loom,  so  that  it  did 
not  perform  with  the  accuracy  he  expected.  He  had  solved  the  chief 
difficulties  of  the  problem,  however,  and  others  following  on  his  plans, 
with  more  practical  experience  of  mechanics,  reaped  the  reward.  A 
writer  has  thus  described  Horrocks's  loom:  ''One  new  feature  of  Mr. 
Horrocks's  loom  was  the  lathe  being  made  by  compound  levers  to 
advance  quickly  so  as  to  give  an  effective  stroke  to  the  weft,  and  then  to 
retire  quickly  to  the  stationary  position.  By  this  means  the  shuttle  was 
allowed  to  pass  through  the  shed  while  the  lathe  was  standing  still ;  a 
larger  shuttle  might  be  used,  capable  of  holding  a  full-sized  cop;  the 
waste  from  weft  from  the  bottoms  of  the  cops  became  less;  from  the 
smartness  of  the  stroke,  less  weight  for  tension  was  required  upon  the 
yarn  beam,  and  therefore  less  power  was  required  to  move  the  healds  or 
heddles  from  the  smaller  tension  of  the  warp.  From  this  cause,  also, 
less  moving  force  would  be  expended,  fewer  threads  would  break  in  the 
working,  and  more  threads  of  the  weft  could  be  condensed  into  the  inch, 
making  a  stronger  and  more  uniform  fabric." 

Richard  Roberts's  Loom. — After  the  ideas  of  Horrocks  had  become 
public  property,  advance  in  loom  construction  was  rapid.  From  being 
the  hobby  of  an  enthusiast  here  and  there,  power-loom  invention  and 
construction  emerged  into  a  serious  business.  A  market  and  a  raw 
commodity  had  come  into  existence ;  for  those  who  could  work  up  the 
material  into  the  best  or  most  acceptable  form  there  was  both  fame  and 
wealth.  Hence,  between  18 15  and  1830,  or  perhaps,  one  might  say, 
right  on  from  the  former  date  up  till  the  present  day,  the  power  loom 
has  been  the  subject  of  patents  by  the  thousand,  and  of  alterations  not 
patented  still  more  numerous.  About  1825  Richard  Roberts,  the  most 
expert  mechanic  in  textile  history,  undertook  to  construct  a  power  loom 
on  the  plans  sketched  by  Horrocks,  and  built  a  machine  the  main 
features  of  which  still  appear  in  the  common  power  looms.  Given  an 
idea,  Roberts  could  devise  mechanical  appliances  to  carry  it  through. 
He  may  be  said  to  have  been  particularly  fortunate  in  the  time  at  which 
he  entered  into  textile  mechanics.  As  we  saw,  the  spinning  mule  had 
been  developed  before  his  time  to  just  that  point  when  merely  mechani- 
cal skill  was  needed  to  give  it  the  last  touch  into  efficiency.  So  with  the 
loom.  All  the  parts  had  been  developed,  and  the  skill  of  the  expert 
machine  builder  alone  was  required  to  put  them  together  into  unity. 
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With  the  keen  insight  of  genius,  Roberts  selected  from  the  numerous 
appHances  which  had  then  been  devised  the  fittest  for  each  purpose,  and 
built  a  power  loom  which  could  compete  in  quality  of  product  with  the 
ordinary  hand-loom  weaver,  and  produce  with  far  greater  speed. 

Long  since  discarded,  Roberts's  power  loom  yet  exhibits  in  simple 


Fig.  252. — Sharp  and  Roberts's  Power  Loom 

A,  Warp  beam,  b,  Warp  roller,  c,  Body  of  slay  or  lay.  D,  Breast  beam.  E,  Cloth  beam.  F,  F,  Heddles. 
G,  G,  Heddle  levers.  H,  H,  Circular  tappet  wheels.  i,  i,  Bowls  of  heddle  levers.  j,  Sword  of  lay. 
K,  Picker  arm.  L,  End  of  shuttle  in  box.  m,  Reed  or  sley.  N,  Driving  wheel.  O,  Crank  of  going  part 
or  lay.       p,  Driven  wheel  of  loom  controlling  shedding  tappets. 


form  all  the  principles  of  the  machine  (figs.  252  and  253).  To  obtain 
a  general  idea  of  the  root  principles  of  power-loom  structure,  we  can- 
not do  better  than  examine  that  old  machine.  We  shall  examine  it 
in  these  parts:  i,  the  frame;  2,  shedding  apparatus;  3,  picking  arms 
and  shuttle  boxes ;  4,  batten  and  sley ;  5,  letting  off  and  taking  on ; 
6,  driving  gears;    7,  stop  motions. 

I.  Loom  Frame. — A  square  iron  framing,  10  ft.  by  5  ft.,  strongly 
bolted  together  and  standing  on  four  feet,  this  structure  was  solidly 
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built.  Into  the  side  frames  were  bushed  all  the  driving  shafts  and 
cross  beams.  Tie  beams  held  the  side  frames  in  the  middle  and  an 
arched  beam  connected  them  over  the  top.  Having-  to  stand  severe 
vibrations,  the  frame  was  heavily  built  and  founded  on  a  broad  base  of 
concrete  or  stone. 

2.  Shedding  Apparatus. — From  the  arched  bar  over  the  head  of  the 
loom  small  brackets  projected  and  held  an  iron  bar  in  notch  bearings. 


Fig.  253. — Sharp  and  Roberts's  Power  Loom:  Front  Elevation 

A,  A,  Frame,  b,  Wheel  on  main  shaft  driving  c  on  the  tappet  or  wiper  shaft  D.  E,  Batten.  F,  F,  Swords 
of  the  lay.  G,  Reed,  h,  Heddle.  i,  Breast  beam,  j,  Cloth  beam.  K,  K,  Tappets.  L,  L,  Treadle  levers. 
M,  One  of  the  peg  arms.  N,  N,  Shuttle  bo.xes.  o,  o,  Pickers.  p,  q,  Trigger  and  fork  throwing  the  belt  off 
the  driving  pulley  r  when  the  shuttle  does  not  go  home. 


Upon  the  bar  were  small  wooden  pulleys,  round  which  leather  straps 
were  fastened.  To  each  pair  of  straps  a  pair  of  cords  were  attached, 
a  heddle  or  heald  shaft  depending  from  each  pair  of  cords.  The  heald 
shafts  differed  in  no  way  from  those  of  the  common  hand  loom.  Cords 
connected  the  lower  sides  of  the  heddles  with  vertical  levers  pinned  into 
the  slots  of  the  treadles  extending  horizontally  to  the  back  of  the  loom, 
where  they  were  held  in  a  cross  rod.  From  a  shaft  crossing  the  frame 
above  the  treadles  came  down  those  eccentric  wheels  or  pulleys  which 
have  been  named  wipers  or  tappets.  The  tappets  were  true  wheels,  but 
the  axles  or  centres  were  removed  from  the  true,  causing  them  as  they 
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revolved  to  describe  an  arc.  The  longer  radius  on  the  axles  acted  as 
the  driving  force  upon  the  treadles ;  when  the  tappets  turned  round  and 
showed  the  shorter  radials  to  the  treadles,  the  latter  were  freed  from 
pressure.  It  is  evident  that  the  distance  which  the  tappets  moved  the 
treadles,  and  therefore  the  heald  shafts,  depended  upon  the  length  of 
treadle  between  the  tappets  and  the  heald  rods.  The  ends  of  the 
treadles  were  fixed  so  that  the  distance  from  tappets  to  heald  shaft  rod 
could  be  lengthened  or  shortened  relative  to  the  whole  length  of  the 
treadles. 

3.  Picking  Arms  and  Shuttle  Boxes. — On  this  loom  the  picker  was 
a  small  block  of  wood  threaded  upon  the  picker  wire  in  each  box. 
From  each  picker  a  leather  thong  extended  to  the  head  of  the  picking 
arm,  a  wooden  rod  standing  upright  in  the  loom,  its  end  secured  by 
a  pin  in  a  small  bracket  near  the  base  of  the  loom.  A  spring  cord, 
stretched  across  from  the  one  picking  arm  to  the  other,  held  both  in  an 
upright  position.  Motion  was  imparted  to  the  picking  arm  through 
rods  extending  back  to  the  tappet-driving  shaft,  from  which  rollers 
alternately  rose  and  fell,  and  at  every  oscillation  struck  the  rods.  These 
rollers  were  connected  with  the  tappets  on  the  same  shafts,  so  that, 
when  the  shed  was  opened,  the  rollers  acted  upon  the  picking  arms. 
The  gearing  and  the  cam  action  of  these  rollers  were  highly  ingenious; 
but  as  simpler  arrangements  have  since  been  adopted  for  the  same 
purpose,  it  is  not  necessary  to  enter  into  minute  details. 

4.  Batten  and  Sley. — On  the  hand  loom  the  swords  which  held  the 
batten  and  sley  came  down  from  the  head  of  the  machine ;  this  arrange- 
ment, however,  is  reversed  in  the  power  loom.  Roberts  was  not  the 
first  to  perceive  the  need  of  this  method,  but  he  fashioned  the  agent 
in  a  very  efficient  way.  The  swords  were  secured  in  swing  brackets 
at  the  base  of  the  loom,  permitting  free  movement  and  yet  securing 
them  firmly.  The  batten,  consisting  of  shuttle  race,  sley,  and  hand 
rail,  sat  on  the  heads  of  the  two  swords.  Strongly  bolted  to  a  kind 
of  shoulder  of  both  swords  was  the  lever  actuating  the  batten  from 
the  two  cranks  on  the  main  shaft  of  the  loom. 

5.  Letting  off  and  Taking  on  of  Warp  and  Cloth. — The  warp  beam 
was  hung  in  bushes  on  the  back  standard  of  the  loom  frame.  At  each 
end  was  a  wooden  pulley  fixed  with  screws  into  the  disc  iron  plate; 
round  the  pulleys  cords  turned  twice  or  thrice,  and  hung  down  with 
tension  weights  on  their  ends ;  from  the  other  end  of  both  cords  hung 
lighter  counter  weights.  Above  the  warp  beam  a  roller  or  back  rest  for 
the  warp  was  placed,  held  up  by  toothed  uprights  which  permitted  of 


COMPLETE    POWER   LOOM 


THE    POWER   LOOM  175 

its  being  heightened  or  lowered   according  to  the  degree  of  tension 
desired  upon  the  warp  passed  over  it. 

The  taking-on  arrangement  had  been  transferred  bodily  from  the 
hand  loom.  Upon  the  axis  of  the  cloth  beam  a  toothed  wheel  pro- 
jected, and  fitted  into  a  pinion  on  the  axle  of  a  ratchet  wheel  acted  upon 
by  the  motions  of  the  batten.  A  click  lever  on  the  top  of  the  ratchet 
wheel  prevented  it  from  turning  backwards.  When  the  ratchet  wheel 
moved  with  every  beat  of  the  batten,  it  communicated  the  motion, 
modified  by  the  difference  between  the  number  of  teeth  upon  it  and 
the  pinion,  to  the  wheel  upon  the  cloth  beam,  causing  it  to  move  round 
just  enough  for  every  pick  of  weft. 

6.  Driving  Gears. — The  driving  shaft,  supported  by  the  upper 
cross  rails  of  the  frame,  extended  beyond  the  sides  to  carry  on  the  one 
side  a  toothed  wheel  acting  on  a  second  toothed  wheel  twice  its  size 
on  the  end  of  the  shaft  driving  the  tappets,  and  on  the  other  side  the 
pulleys  and  outriggers  upon  which  the  steam  belt  ran.  Upon  the 
driving  shaft  the  cranks  driving  the  batten  swords  were  fitted;  with 
every  revolution  of  the  shaft,  the  batten  executed  a  to-and-fro  motion. 
Running  at  half  the  speed,  the  shaft  imparting  motion  to  the  tappets 
and  shuttle-picking  arms  could  only  make  them  perform  one  motion 
while  the  batten  performed  two.  The  nature  of  the  case  required  this, 
and  the  timing  of  the  motions  was  very  exact,  when  the  tappets  and 
picking  arms  were  correctly  adjusted.  While  the  batten  was  in  the 
middle  of  its  forward  motion  the  tappets  were  at  full  stretch,  and  just  at 
the  same  moment  the  little  rollers  gave  the  picking  rod  a  sharp  stroke, 
causing  the  picking  arms  to  jerk  and  sending  the  shuttle  flying  through 
the  open  shed.  As  the  tappets  slowly  turned  to  close  the  shed,  the 
batten  drove  swiftly  forward  and  sent  the  weft  pick  home. 

7.  Stop  Motions. — Every  worker  on  the  power  loom  was  aware  that 
the  danger  of  breakage  through  various  accidents  was  very  great,  and 
tried  to  make  sure  by  inventing  various  kinds  of  stop  motions.  This 
loom  of  Roberts's  had  only  one  really  effective  stop  motion ;  but  it  has 
been  adopted,  with  improvements,  by  every  builder  of  looms  since.  To 
the  belt  fork  a  trigger  spring  was  attached,  and  so  placed  that  its  end 
could  be  touched  and  released  by  a  small  lever  which  the  passage  of 
the  shuttle  depressed.  If  the  shuttle  failed  to  get  home,  or  stopped  in 
any  way,  the  lever  remained  up,  and  released  the  spring,  causing  the 
belt  fork  to  throw  the  belt  out  of  gear. 

Development  of  the  Power  Loom. — From  the  foregoing  general 
description  of  Roberts's  loom  the  reader  will  gather  the  fundamental 
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characteristics  of  the  power  loom.  It  is  necessary,  before  going  on  to 
examine  the  various  looms  and  appliances,  that  some  understanding 
of  the  parts  and  their  relations  should  be  arrived  at.  To  the  outsider, 
or  the  young  student,  the  numerous  terms  by  which  the  various  parts 
of  the  modern  power  loom  are  designated  seem  confusing  and  often 
contradictory,  unless  some  general  explanation  of  the  functions  of  the 
parts  has  been  given. 

From  the  simple  and  rather  crude  mechanism  we  have  examined 
a  host  of  complex  and  highly  refined  machines  have  been  developed. 
The  shedding  appliances,  the  shuttles  and  shuttle  boxes,  the  picking 
mechanisms,  the  motions  of  the  batten,  the  functions  of  the  sley,  the 
taking  on  and  letting  off,  the  stop  motions,  have  been  seriously  changed 
in  form,  though,  in  most  cases,  as  we  have  said,  their  functions  are  the 
same.  From  a  weaver  of  plain  fabrics  the  power  loom  has  advanced 
bit  by  bit  upon  the  province  which  the  hand  loom  had  formerly  ruled 
supreme  and  unchallenged.  Tappets  have  been  changed  in  form  and 
multiplied;  the  warp  has  come  under  the  government  of  other  appli- 
ances named  dobbies  and  Jacquards ;  the  changes  of  shuttles  have  been 
made  automatic ;  the  very  supply  of  weft  itself  has  been  taken  from  the 
hands  of  the  loom  minder.  New  and  strange  forms  of  loom,  threaten- 
ing to  reverse  all  our  notions  of  weaving,  are  on  the  market,  and 
already  have  been  admitted  into  the  weaving  shed.  The  power  loom 
has  developed. 

In  view  of  such  complexity  it  may  well  occur  to  the  reader  that  a 
comprehensive  and  adequate  study  of  the  whole  range  of  textile  weav- 
ing is  impossible  within  the  compass  of  a  single  work.  Cottons, 
worsteds,  woollens,  silks,  linens,  hemps,  ramies,  and  jutes,  not  to  speak 
of  carpets  and  other  fabrics  of  the  kind,  are  numerous  enough  to 
demand  separate  consideration  for  each  class.  But  in  the  midst  of  all 
the  complexity  a  simple  set  of  principles  runs;  the  mechanisms  which 
will  weave  one  cloth  can  weave  every  cloth,  if  it  is  deemed  advisable  to 
do  so.  Master  the  Jacquard  and  you  can  understand  every  Jacquard, 
whether  on  a  silk  or  a  carpet  loom ;  acquire  the  secret  of  shuttle  chang- 
ing and  warp  shedding,  and  you  may  alter  the  pattern  and  colour  of 
any  fabric.  For  these  reasons  we  have  considered  it  advisable  to 
examine  in  detail  every  mechanism  generally  employed  in  textile  manu- 
facture before  undertaking  practical  weaving.  Having  got  the  tools, 
and  understood  the  use  of  them,  we  shall  find  the  work  of  weaving 
an  open  road. 


